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The Biological Services Program was established within the U.S. Fish
and Wildlife Service to supply scientific information and methodologies on
key environmental issues that impact fish and wildlife resources and their
supporting ecosystems. The mission of the program is as follows:

e To strengthen the Fish and Wildlife Service in its role as
a primary source of information on national fish-and wild-
life resources, particularly in respect to environmental
impact assessment.

e To gather, analyze, and present information that wili aid
decisionmakers in the identification and resolution of
problems associated with major changes in land and water
use,

o To provide better ecological informaticn and evaiuation
for Department of the Interior development pvograms, such
as those relating to energy development.

Information developed by the Biological Services Program is intended
for use in the planning and decisionmaking process to prevent or minimize
the impact of development on fish and wildlife. Research activities and
technical assistance services are based on an analysis of the issues, a
determination of the decisionmakers involved and their information needs,
and an evaluation of the state of the art to identify information gaps
and to determine priorities. This is a strategy that will ensure that
the products produced and disseminated are timely and useful.

Projects have been initiated in the following areas: coal extraction
and conversion; power plants; geothermal, mineral and oil shale develop-
" ment, water resource analysis, including stream alterations and western
water allocation; coastal ecosystems and Quter Continental Shelf develop-
ment; and systems inventory, including National Wetland Inventory,
habitat classification and analysis, and information transfer.

The Biological Services Program consists of the Office of Biological
Services in Washington, D.C., which is responsible for overall planning and
management; National Teams, which provide the Program's central scientific
and technical expertise and arrange for contracting biological services
studies with states, universities, consulting firms, and others; Regional
Staffs, who provide a link to problems at the operating level; and staffs at
certain Fish and Wildlife Service research facilities, who conduct in-house
research studies.
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PREFACE

The Sea Island Coastal Region of
South Carolina and Georgia is rich in
natural resources, including moderate
climate, dramatic scenic qualities,
fertile soils, water, fish, wildlife, and
minerals. These resources are valuable
for a variety of often competitive uses,
including active and passive recreation,
transportation, agriculture, commercial
fisheries, industrial development, pres-—
ervation, and so forth.

A significant trend in the manage-
ment and development of coastal re-
sources is the growing realization that
rational decisions and final judgements
can be made only when all available in-
formation on local environmental con-
ditions is considered. This trend
recognizes the need for a holistic
approach and has promoted the eco-
system concept in natural resource
management.

Recognition of the need for an eco-
logical spproach in managing coastal
resources has developed from increasing
evidence that man's utilization of this
environment has brought about major,
yet often subtle, changes in the func-
tioning of ecosystems. In order to
perpetuate the economic, aeethetic, and
biological values of coastal ecosystems,
we must understand their functional
relationshps. As expressed by Odum
(1964), our modern ecology must be a
"systems ecology" or a hybridization of
both ecology and systems methodology.
The theory behind this approach embodies
an important ecological principle: an
ecological system is comprised of many
components, no one of which can be
altered without affecting the total sys-
tem since no one part functions inde-
pendently. By including a full assess-
ment of the total ecosystem, manage-
ment efforts - at both the field and ad-
ministrative levels - can be designed
to maximize the economic, social, and
biological benefits derived from natural
resources. Recognizing this, the U.S.
Fish and Wildlife Service is employing
the ecosystem concept as a holistic
wechanism for managing natural resources
and is developing ecological character~
ization as one basic tool for this
application.

An ecological characterization ise
a synthesis of existing information and
data structured in a manner which
identifies functional relationships
between natural processes and the
various components of an ecosystem
(Preface Fig. 1). Specifically,
objectives of the Sea Island
Ecological Characterization were tu
1) assemble, review, and synthesize
existing biological, physical, and
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PRODUCTS
ATLAS
NARRATIVE

DIRECTORY OF INFORMATION SOUSCLS
COMPUTERIZED BIBLIOSRAPHY

Preface Figure 1. Components and final
products of an Ecological Charac-
terization of the Sea Island
Coastal Region.

socioeconomic information and establish
a sound information base for decision~-
making; 2) identify and describe

various components (subsystems, habitats,
communities, and key species) in this
coastal ecosystem; 3) describe major
physical, biological, and socioeconomic
components and interactions; 4) describe
known and potential ecosystem responses
to man-induced changes; and 5) identify
major information deficiencies for
further study and decision-making needs.

Ecological characterizations are
designed primarily to assist coastal
resource managers engaged in compre-
hensive planning efforts such as
assessment of the environmental impacts
of development in the coastal zone.
Other applications include the prep-
aration of mitigation procedures
and development alternatives. Charac-
terization also provides an immediate
data base for specific action programs
(offshore 0il and gas development,
coastal construction permit reviews,
etc.) and guidance in selecting para-
meters that need study in further
defining coastal ecological systems.




Detailed discussions of the
national coastal ecosystem characteriza-
tion effort can be found in Tait (1977),
Barclay (1978), Johnston (1978), and
Palmisano (1978).

SEA ISLAND ECOLOGICAL CHARACTERIZATION

In February 1977, the U.S. Fish
and Wildlife Service contracted with the
Marine Resources Division of the South
Carolina Wildlife and Marine Resources
Department to develop an ecological
characterization for the Sea Island
Coastal Region of South Carolina and
Georgia. The project area includes the
coastal tier of counties between the
Georgetown/Horry county line in
northern South Carolina south to the
St. Marys River on the Georgia/Florida
border, and the three lowland counties
of Dorchester, Berkeley, and Effingham
(Preface Fig. 2).

The Sea Island Ecological Charac-
terization is designed to yield
products that will assist decision
makers in evaluating and predicting
impacts of man-induced perturbations
(e.g., oil and gas development,
dredging and filling, water resource
projects), and in general coastal zone
planning. The study identifies critical
habitats and sensitive life history
stages of important species, addresses
functional interactions at the habitat
level, and provides socioeconomic infor-
mation relative to the coastal environ-
ment.

Data assimilated for this project
are partitioned into three segments
for descriptive purposes: physical
features (e.g., geology and hydrology);
socioeconomic features (e.g., demo-
graphic characteristics and industrial
development); and biological features
(i.e., an ecological treatment of
animals, plants, and their habitats).

The overall framework for the
preparation of ecological character-
ization materials was provided by
conceptual models. These conceptual
models have been modified for inclusion
in the final products to facilitate
understanding of ecosystem functions. To
accommodate the broadest range of
potential users, a three-tier model
presentation was used and includes the
following elements for each ecosystem:
1) a technical energese model demon-—
strating emergy flow into and within
the subject ecosystem, functional rela-
tionships among representative
components of the system, and flow of
energy in various forms from the
system; 2) a less technical pictorial
model of the same ecosystem illus-
trating representative flora and fauna;
and 3) a representative food web indi-
cating trophodynamics within the subject
ecosystem.

1x

Organization of Final Products

Several products are being developed
from the Sea Island Ecological Charac-
terization effort as follows:

1) Characterization Atlas —-- the
Atlas is an oversized document (28 x 42 in)
that presents data in condensed form in
several series at scales ranging from
1:24,000 to 1:1,000,000. The Physiographic
Series (1:100,000) describes wetlands,
physiographic features, ecological habitats,
and land use. The Geology Series presents
stratigraphic, structural, and geophysical
information about the characterization area
at several scales. Two topographic series
at 1:250,000 and 1:100,000 depict various
wildlife, archaeological and recreational
resources, military and educational insti-
tutions, water quality, spoll disposal,
utilities, railroads and airports. Enlarge-
ments of the five major urban areas give
more detailed information on industries,
point source discharge, power plants, etc.
All maps are printed in color.

2) Narrative Volumes -- Detailed
narrative treatment is provided for the
three major ecosystem components: the
physical, socioeconomic, and biological
features of the Sea Island Coastal
Region. Because conceptual models are
particularly valuable in identifying
ecosystem components and in relating
their functional significance and regu-
latory processes, appropriate sections
of the narrative text are prefaced by
exemplary models. These models serve as
a tool to promote understanding of the
functional relationships within and
between systems and the impacts of
various impingements and perturbations
on their components. Narrative materials
are arranged as follows:

a) Physical features section --
Detailed treatment is provided for
topical areas such as climate, physiog-
raphy, geologic history and structure,
coastal and nearshore erosion and
deposition, hydrology, and descriptions
of individual coastal islands of the
study area.

b) Socioceconomic features
section -- Data are presented on popu-
lation, labor force characteristics and
trends, transportation, industrial devel-
opment, agricultural practices, public
utilities, energy resources, fish and
wildlife comservation and utilization,
and recreational resources.

¢) Biological features --
This section describes biotic components
along ecological lines. This approach
facilitates the treatment of major
community or habitat types, and
generally deals with organisms at the
population level. Functional rela-
tionships and areas of ecological
sensitivity are stressed.
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3) Directory of Information
Sources == This document identifies
and describes major data sources rele-
vant to the ecological characterization
of coastal South Carolina and Georgia.
The main purpose of the Directory is to
guide users to known sources of data
pertinent to specific subject areas. It
is intended to serve as a referral service
between groups or organizations with
differing needs.

- 4) Bibliography -- A computerized
bibilography of over 8,000 references has
been assembled as a central component of
the Sea Island Characterization. The
system is designed for periodic updating,
and all entries can be retrieved in a
variety of ways including key word and
author searches.
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CHAPTER ONE

INTRODUCTION

The Sea Island Coastal Region includes
the tier of coastal counties in South Caro-
lina and Georgia and the adjacent lowland
counties of Dorchester, Berkeley, (South
Carolina), and Effingham (Georgia). To the
north, the study area is bounded by the
Horry/Georgetown County line in South
Carolina and bounded to the south by the
St. Marys River on the Georgia/Florida
. border. The east and west boundaries
are the seaward 3 mi (4.8 km) territorial
limit and the inland county lines, respec-
tively (Preface Fig. 2). The Sea Island
Coastal Region extends nearly 300 mi
(480 km) along the coast and is typified
by numerous islands, inlets, and sounds.

The material in this volume has
been provided to complement Volumes II and
III. Specific geological, physical,
geographical, and chemical data are
presented to illustrate the current
environmental status of the islands,
estuaries, and sounds of the Sea Island
Coastal Region. Whenever possible,
historical data have been included for
comparison with current data or to il-
lustrate long-term trends. Future plans
for development, if available, have also
been included. :

The material contained herein is
divided into chapters, each of which deals
with a major, broad topic. Chapter Two,
Regional Geology, covers the general
geology of the Sea Island Coastal Region,
ranging from a discussion of the strati-
.graphy of the area to a description of
economic mineral deposits. Significant
stratigraphic units and structural
features are outlined, e.g., Carolina Bays,
the Duplin Formation, and the Southeast
Georgia Embayment.

Chapter Three contains a discussion
of 80il types in the Sea Island Coastal
Region. Attention is given to mainland -
and island soils as well as tidal marsh
soils.

Chapter Four is a discussion of
climatic trends of the Sea Island Coastal
Region. Historical data are presented to
illustrate trends in winds, minimum and
saximum temperatures, and rainfall.
Burricane and tornado statistics are also
included, especially data dealing with
rates of incidence, general physical
characteristics (wind speed, rainfall,
and location), and destruction (particu-
larly fatalities).

Chapter Five describes the physio-
graphic features of the Sea Island Coastal
Region. In particular, mainland physical
features, major river valleys and river

systems, estuaries, coastal inlets, and

the islands are discussed. Charleston
Harbor and Doboy Sound are discussed in
detail as respective examples of a highly
industrialized environment and a relatively
unmodified, pristine area. Physio-

graphic and statistical data for the 14
counties in the study area are displayed in
tables. A brief synopsis of each major
river system is also provided. Where
available, specific information on sedi-
ment transport at tidal inlets is also
included.

Chapter Six is basically an overview
of man's impact on the Sea Island Coastal
Region in terms of physical and chemical
environmental alterations and modificationms.
The chapter describes the causes of the
major alterations, i.e., agriculture,
urbanization-industrialization, and mining,
along with detailed descriptions of his-
torical dredging data for maintenance
of harbors and the Atlantic Intracoastal
Waterwvay. Additionally, the Santee-
Cooper Diversion and Rediversion projects
are presented. Effects of man-induced
alterations on air quality and water
quality are also discussed.

Appendices A and B are a compilation of
county and island descriptions respectively,
consisting primarily of physiographic
data. The general dimensions and elevation
ranges are included for islands and
counties. Vegetative types are listed
for the islands, while the areal extent
and types of marshes are presented for
the counties. Appendix C presents
historical dredging data for maintenance
of harbors in the Sea Island Coastal
Region. Appendix D lists private land-
holdings identified as high priority repre-
sentatives of unique natural systems which
have been targeted for preservation efforts
by the U.S. Fish and Wildlife Service.

In general, the data have been
presented in the same units as used by
the original authors with conversions
offered for comparison, i.e., the
original data may have been in the
English system and converted to metric
or vice versa, Most tables and figures,
however, were not converted from the
original system due to space limitations
and difficulties in drafting.



CHAPTER TWO

REGIONAL GEOLOGY

I. INTRODUCTION

Sands, silts, and clays originally
derived from the Appalachian Mountains
are organized into coastal, fluvial
(river), and aeolian (dune) deposits
which almost completely blanket the
Sea Island Coastal Region. These
sediments were transported seaward and
eventually deposited during the Quatera
nary period, which began about 1.8 x 10
years ago. The underlying bedrock strata
are eroded, variously lithified, sedi-
mentary rocks of Tertiary and Mesozoic
age. These bedrock units are exposed
primarily in river banks and bottoms, in
deep tidal channels, on the nearshore
continental shelf, and in man-made quarries.

The Georgia coastal islands are
located in the Southeast Georgia
Embayment, a structural basin bounded on
the north by the Cape Fear Arch and on the
south by the Peninsular Arch-Central
Georgia Uplift. The South Carolina
coastal islands are located on the
southern flank of the Cape Fear Arch.

The regional structural pattern is one

of gently dipping or inclined beds,
sloping seaward. There are no known major
faults, either active or inactive,
deforming the bedrock. The relatively
high level of present and historic
seismicity centered around Charleston,
South Carolina, is quite anomalous and,

at present, little understood.

Economic mineral depogits in the
Sea Island Coastal Region include
limestone, quartz sand, peat, phosphorite,
and groundwater. The Santee Formation
(limestone) is quarried in Berkeley,
Dorchester, and Georgetown counties,
South Carolina, for cement, agricultural
lime, and road metal., Quaternary quartz
sand deposits, mostly Pleistocene in age,
are excavated near major cities, e.g.,
Charleston and Savannah, and along major
highways for road metal and land fill.
Phosphorite was first commercially mined
in the United States from Quaternary and
late Tertiary deposits located around
Charleston, South Carolina. Mining in
Charleston, Berkeley, Dorchester, Colleton,
and Beaufort counties, South Carolina, began
in 1867 and terminated in 1938. Groundwater
may well be the most important mineral
resource in the Sea Islgnd Coastal Region.
Approximately l.44 x 10° 1/day (3.8 x
108 gal/day) are being pumped for munici-
pal and industrial use. The estimated
annual value of this resource to the region
is $19 million (Krause and Gregg 1972,
Duke 1977).

I1. STRATIGRAPHY
A, MESOZOIC AND TERTIARY

Mesozoic and Tertiary sedimentary
rocks are infrequently exposed in the Sea
Island Coastal Region with outcrops gener-
ally limited to isolated river banks,
deep tidal channels, nearshore continental
shelf bottoms, and quarries., One example
is Grays Reef, an outcrop of the Duplin
Formation (Hunt 1974), which occurs on
the Georgia continental shelf off Sapelo
Island.

This exposure and others
scattered throughout the relatively smooth
topography of the Sea Island Coastal Region's
nearshore continental shelf suggest that
Holocene and Pleistocene sediment cover
(Atlas plate 21) is rather thin (Woolsey
1977). The Pee Dee Formation, an upper
Cretaceous formation, outcrops in Georgetown
County while progressively younger
Tertiary units are exposed to the
southwest in coastal South Carolina.
Only upper Tertiary beds (Pliocene
and Miocene in age) are exposed in
the Georgia Sea Island Coastal Region.
Detailed geologic maps have not been made
for this region, largely due to the
lack of exposures, but regional maps
showing a generalized geologic picture
bave been compiled (Atlas plate 19B).

Deep wells, both water and hydro-
carbon (o0il and gas), have provided the
majority of the Mesozoic and Tertiary
stratigraphic information known to date
for the Sea Island Coastal Region
(Herrick and Vorhis 1963, Maher and
Applin 1971, Cramer 1974). The oldest
sedimentary rocks are deeply buried
lower Cretaceous sandstones, shales,
and siltstones ($.1.30 x 10h years
o0ld) resting on an eroded basement of
igneous and metamorphic crystalline
rocks. Limestone, the dominant rock
type underlying the Sea Island Coastal
Region, overlies these sedimentary
rocks and ranges in gge from upper
Cretaceous (1.0 x 10” years) to
Oligocene (=3.0 x 10" years). Miocene
and Pliocene beds mark a change
to more clastic-rich limestones,

i.e., rich in sand, silt, and clay. All
of these Mesozoic and Tertiary limestones
pass into sandstones, shales, and silt-
stones in directions tending 1) northwest
toward the Georgia-South Carolina Piedmont,
and 2) to a lesser degree, northeast

onto the Cape Fear Arch. These gen-
eralized stratigraphic/lithologic rela-
tionships are shown on Atlas plate 21,

A correlation chart of the Mesozoic and
Tertiary formations known from the Sea
Island Coastal Region is presented in
Table 2-1.

Major transgressions of the sea
over the coastal plain have occurred
during the upper Cretaceocus, Paleocene,
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middle Eocene (Claiborn), upper Eocene
(Jackson), Oligocene (Chickasawhay),
middle Miocene, and upper Pliocene.
These events caused the deposition of
marine sediments far up onto the coastal
plain. Major regressions, indicated by
1) presumed subaerial erosion of older
rocks and 2) deposition of fluvial-
lacustrine-deltaic sediment on top of
marine sediments, occurred during the
Paleocene (Midway), Oligocene
(Vicksburg), lower Miocene, and lower
Pliocene.

B. PLEISTOCENE

1. Coastal Terrace Complexes

Pleistocene sediments of the Sea
Tsland Coastal Region are organized into
topographically distinct, lithologically
similar, geomorphic units arranged in a
series of terraces parallel to the coast.
These terraces decrease in elevation from
100 ft (30.5 m) in Georgia and 215 ft
(65.5 m) in South Carolina down to
present sea level. Pleistocene sediments
vere depositgd between 1.8 x 10~ years
and 1.0 x 10" years ago. There are two
major geomorphic units, linear sand
ridges and broad clayey sand plains.

The eand ridges are the remains of
barrier islands, and the clayey sand
plains are the former back-barrier tidal
flat lagoons, or marshes. (See Atlas
plate 21 for descriptive cross sections
through coastal terraces in northern
South Carolina, central South Carolina,
and central Georgia.) These coastal
terraces are considered to have formed
at high stands {interglacials) of the
fluctuating, although falling, Pleistocene
Atlantic Ocean. Sea level was fluctu-
ating as a result of the intermittent
continental glaciation-deglaciation, but
with a net decrease from the level of
the early upper Pliocene (Duplin Forma-
tion) transgression.

The correlating and/or tracing of
individual Pleistocene geomorphic units
over long distances is difficult, largely
due to 1) their discontinuous nature,
especially the sand ridges, and 2)
the lack of fossils. Topographic
elevation has been the basis for most
region-to-region correlations of terrace
sequences (Cooke 1931, 1932, 1936, 1943,
MacNeil 1949, Doering 1960, Hoyt and
Hails 1974, Oaks and Dubar 1974). This
practice assumes that areas so correlated
have suffered no differential tectonic
(deformation of the earth's crust) uplift
or downwarp. Since Winker and Howard
(1977) demonstrated differential uplift
of Pleistocene shoreline features using
aerial photography and modern detailed
topographic maps, these assumptions of
Pleistocene tectonic stability are suspect
(Fig. 2-1). Thus, it may not be possible
to correlate Pleistocene coastal deposits
on the basis of topographic elevations.

Exposures of fossil-bearing beds are rare
and the stratigraphic ranges of the
contained fauna are poorly known. The
shell-bearing Waccamaw Formation has been
determined to be Calabrian gn age (basal
Pleistocene, 1.0 - 1.8 x 10" years old)
on the basis of foraminiferal zonation
(Akers 1972) and amino acid dating
(Belknap 1979). Amino acid determina-
tions on shells from the Canepatch and
Socastee Formations in northern South
Carolina have yielded tentative ages of
300,000 - 500,000 years and 300,000
years, respectively (Belknap 1979).
Shells from the Mt. Pleasant Bsrrier
(Princess Anne Formation) and the Talbot-
Pamlico Formation of central South
Carolina have produced tentative amino
acid ages of 120,000 years and 800,000 -
1,000,000 yesrs, respectively (Belknap
1979). The Pamlico Formation of

southern Georgia has yielded tentative
amino acid ages of 500,000 - 700,000
years (Belknap 1979). The Anastasia
Formation in the Cape Canaveral, Florida
region (a Pamlico-Princess Anne
correlative) has been determined to be
100,000 - 120,000 years by U/Th (Uranium/
Thorium) disequilibrium method of dating
shells (Osmond et al. 1970). These

. problems, anomalies, and contradictions

of correlation are reflected in the
correlation chart showing the various
Pleistocene formations and geomorphic
units recognized in coastal Georgia and
South Carolina (Table 2-2).

The various Pleistocene geomorphic
units, as well as formations recognized
in the Sea Island Coastal Region are
presented in Atlas plate 19B (a highly
generalized and, at present, tentative
map description). The geomorphic unit
most commonly identified in the Sea
Island Coastal Region has been the
coastal terrace (Cooke 1936, 1943,
Colquhoun 1969, 1974, Dubar et al. 1974,
Hoyt and Hails 1974). These terraces
are thought to have a complex origin and
result from both erosional and deposi-
tional processes operating during marine
transgressions (ocean encroaching upon
the land) and regression (land building
out into the ocean and/or ocean retreat).
Colquhoun's (1969) detailed interpreta-
tion of these processes which interact to
produce a coastal terrace is presented
in Figure 2-2. Winker and Howard (1977)
abandoned the terrace idea in favor
of beach ridge-barrier island sequences.
They mapped three major groups in the
Sea Island Coastal Region: Trail
Ridge, Effingham, and Chatham (Fig. -
2-3). The correlation between these
three groups and the long recognized
coastal terraces and formations is shown
in Table 2-2.

Utilizing subsurface data from a
gseries of wells, Herrick (1965) found
the Georgia Pleistocene to be a sequence
of coarse micaceous (mica-rich) sands
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Figure 2-1. Vertical displacement of Pleistocene beach ridges and

shoreline scarps in the Sea Island Coastal Region (adapted

from Winker and Howard 1977).

Note that all three sequences

are not found at the same respective topographic elevation.
This strongly suggests that differential tectonic uplift
and/or downwarp has occurred during the Pleistocene in this

region.

thickening seaward and grading into and
surrounding a lignitic clay (Fig. 2-4).
He identified two major deposition
centers: 1) coastal Liberty, Bryan,
and Chatham counties and 2) southern
Camden County, centered about the

St. Marys River (Fig. 2-5).

2. Fluvial Deposits

Pleistocene fluvial (river)
deposits, e.g., flood plain, point bar,
dune sheet, and terrace features, occur
in all the major river valleys. The
most extensively studied deposite are
those on the Little and Great Pee Dee
rivers (Fig. 2-6) (Thom 1967, 1970) and
those of the Santee River (Fig. 2-7)
(Colquhoun et al. 1972). River Valley.
dune sheets are present in the Great
Pee Dee, Santee, Savannah, and Altamsha
river valleys covering the youngest
Pleistocene fluvial terraces (Atlas
plates 9, 11, 17). These dunes
are of late Wisconein age (20,000 to
10,000 years ago) and represent a time
of changing river conditions, i.e., a
reduction in overall discharge and/or a
change from braided to meandering.
These changes would serve to expose
bere flood plains to wind action. Thom
(1970) further concludes that these are
blown-out or degraded parabolic dunes
formed by southwesterly and westerly
winds. This conclusion is based on
geomorphological observations that the
dune fields occur as a series of SW/NE
to W/E trending ridges located on the
eastern sides of the major river valleys
(Great Pee Dee, Santee, Savannah, and
Altamaha).

. Pleistocene features:

(MSL = Mean Sea Level.)

3. Carolina Bays

Carolina Bays (shallow, elliptical,
poorly drained depressions) occur
throughout the Sea Island Coastal Region
and are developed on a variety of
coastal terraces,
river terraces, beach ridge plains, and
river valley dune sheets (Fig. 2-8).

The long axes of these elliptical
depressions commonly range between 1 to &
km (0.6 to 2.5 mi) in length (Kaczorowski
1977). A sand rim surrounds most bays
and is typically best developed on the
southeastern edge. The common long axis
orientation is northwest-southeast in

the Carolinas and Georgia (Fig. 2~9).
These features support a cypress-tupelo
and/or shrub vegetation, and when
cultivated, are more fertile and produc~
tive than adjacent lands (Kaczorowski
1977). Tuomey (1848) first called
attention to the existence of "circular
depressions that are scattered over the
surface"” and which "are not deep and
conical like lime-sinks."

Aerial photography more clearly
shows the true shape, orientation,
positioning, and distribution of Carolina
Bays (Fig. 2~10). Subsequent to the
early 1930's aserial photography of the
Myrtle Beach, South Carolina, region,
Melton and Schriever (1933) proposed
that these features resulted from an
enormous meteorite shower. Cooke (1934)
pointed out the following flaws in this
theory:

1) The bays are in neat, orderly
groups and not randomly
scattered.
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Figure 2-2. The four stages of Pleistocene coastal terrace formation
(Colquhoun 1969). Note that both marine transgression
and regression are represented as fundamental parameters.
In addition, this interpretation accounts for the "paired"
nature of many Pleistocene terrace complexes, i.e., two
barrier islands are frequently associated with one terrace.
The resulting terrsce complex contains a complicated
arrangement of many sediment types from barrier island to
marsh-lagocn deposits.

2) The bays are limited entirely emphasis on the probable role of air-
in distribution to the coastal shock waves in the formation of
plain. elliptical depressions and ststed that
magnetometer surveys of bays had produced
3) Meteorite craters terd to be "very favorable results in support of the
round rather than elliptical. meteoritic theory." Thom (1970) concluded
from an extensive study of Carolina Bays
4} No meteoritic material or fused in Marion and Horry counties, South
silica has been found in or near Carolina, that these features ". . .
the bays. were formed by the enlargement of small
ponds during a period of strong south-
5) The substrate of the bays i= westerly winds accompanied by cool,
relatively undisturbed. pluvial (rainy) conditions and high
water tables in the mid- to late
Prouty (1952} tabulated a list of 38 more Wisconsin." These features were
obvious facts known about Carolina Bays originally shallow ponds subject to wave
and presented a strong case for the action which smoothed their shores into
meteorite origin. He placed considerable regular, elliptical sandy berms
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Figure 2-5.

Isopach (thickness) map of the subsurface Georgia Pleistocene (Herrick 1965).
Note the two major deposition centers: (A) in coastal Liberty, Bryan, and
Chatham counties and (B) in southern Camden County, centered about the St.
Marys River. Isopach contours are in feet,
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Figure 2-7. Quaternary fluvial deposits of the Santee River Valley (Colquhoun et al. 1972).

(Kaczorowski 1977). The present prevail-
ing /dominant wind directions at south-
eastern cities is approximately perpendi-
cular to the long axes of their geo-
graphically adjacent Carolina Bays

(Fig. 2-9). Today very few, if any,
contain water and are, rather, filled
with a distinctive vegetation. (See
Volume III, Chapter Five for a discussion
of Carolina Bay vegetation.) Humate
cement (Daniels et al. 1976) present

in the coastal sands served to restrict
overall drainage and to perch local

water tables, thus promoting lake or pond
formation throughout these Pleistocene
terrace complexes. Dating the age of
Carolina Bay formation is quite difficult
because of poor preservation of organic
material and possible confusion and/or
contamination of bay-generated organic
material with the underlying humate.
available age determinations indicate
bay formation prior to 40,000 and
extending to 6,000 years ago
(Kaczorowski 1977). -

The

C. HOLOCENE

Holocene-age sediments, deposited
within the last 10,000 years, comprise
the river bottoms, ewamps, marshes,
beaches, beach and dune ridges, tidal
flats, tidal deltas, biogenic reefs, e.g.,
Crassostrea virginica (oyster) and
Dodecaceria sp. (colonial worm) reefs,
estuarine bottoms, and the floor of the
shallow, nearshore shelf. Selected
examples from the Sea Island Coastal
Region follow.

1. Santee River Delta

Aburawi (1972) described the Holocene
stratigraphy of the lower Santee Delta
(seaward of the Atlantic Intracoastal
Waterway) from a series of plston cores

13

(Atlas plate 22B ), He identified two
major sediment facies or types: a delta
plain facies of silty clay marsh and
swamp deposits, and a delta front facies
of marine sands with interbedded clay
layers. The delta front facies is
located seaward and below the delta
plain facies.

Lee (1973) also used piston cores
to develop a detailed sedimentary facies
map of the North Santee Bay (Fig. 2-11).
Along with Mullin (1973), he identified
a marine sand lens deposited since the
early 1930's after diversion of the
Santee River discharge into Charleston
Harbor. This marine sand lens trans-
gresses various estuarine facies
(Fig. 2-12) and is thought to have formed
as a result of decreased scour due to
river flow.

2. Winyah Bay

Colquhoun (1973) described the
bottom sediments of Winyah Bay (Fig. 2-13)
and observed that clay-rich.sediment
dominated the upper bay while sand-rich
sediment dominated the lower bay. O01d
channels were marked by sand-rich
linear deposits.

3. Tybee Island Region

Using archaeologic dating of
aboriginal midden deposits, DePratter
and Howard (1977) determined the
constructional history of the Holocene
beach ridge plain extending between the
Savannah and Wilmington rivers seaward
of Wilmington Island (Fig. 2-14). The
oldest recognized Holocene shoreline is
4,500 years old, located immediately in
front of Wilmington Island, with the bulk
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features throughout the Sea Island Coastal Region.

of beach ridge construction having taken
place since 2,700 years ago. Tybee
Island, the site of the City of Savannah
Beach, was constructed approximately

675 years ago.

DePratter and Howard's (1977)
chronology was developed from aboriginal
artifacts whose radiometric ages were
determined elsewhere. There is theroreti-
cally some finite lag time between
beach ridge construction and aboriginal
occupation. However, given the poten-
tial attractiveness of this environment,
this lag time may be much less than
errors associated with 1) identifi-
cation and/or correlation of artifacts
and 2) the original radiometric dating
of the type artifacts.

14

4. Charleston County

_ Stapor and Mathews (1976) determined
the constructional history of Kiawah,
Seabrook, Botany Bay, and Bay Point (the
site of Edisto Beach) barrier islands
from radiometric dating of shell beds,
supplemented with archaeologic dating of
aboriginal midden sites. Barrier island
deposition began at least 2,500 years
ago on Kiawah Island and was essentially
complete by 1,000 years ago. Subsequent
fluctuations of the Stono ebb tidal
delta have caused local erosion and
deposition on the island's northern

tip. Seabrook and Botany Bay islands
both are no older than 1,200 years, and
Edisto Beach is no older than 1,600
years. They also noted the occurrence
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Figure 2-9. Carolina Bay orientations (double-headed arrows) and prevailing/dominant wind directions
for major cities within and without the Sea Island Coastal Region (Kaczorowski 1977).
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Figure 2-10. Aerial photograph of representative Carolina Bays in Horry County, South Carolina.
(Photo by U.S. Department of Agriculture, Agricultural Stabilization and Conservation
Service, Salt Lake City, Utah.)
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Figure 2-11. Bottom sediments of North Santee Bay (Lee 1973).
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of Holocene-age colonial worm reefs
(Dodecaceria sp.) immediately offshore
of Edingsville Beach (central Edisto
Island) in waters 2 to 3 m (6.5 to 10.0
ft) deep. Preliminary radiometric
determinations indicate that these reefs
began forming 4,000 years ago and
continued to colonize exposed Pleistocene
bedrock (lithified, calcareous beds) up
until 600 years ago.

5. Snuggedy Swamp, Colleton County

- The Holocene peat deposit at
Snuggedy Swamp, Colleton County, -South
Carolina, has been extensively studied by
Staub (1977) and Staub and Cohen (1978,
1979). They determined that this peat,
up to 4.5 m (14.8 ft) thick and presently
being commercially exploited, began
forming approximately 4,000 years ago.
This freshwater peat rests on' a sequence
of silty and clayey saltmarsh deposits
(Fig. 2-15).

III. REGIONAL STRUCTURAL
GEOLOGY

A. MAJOR STRUCTURAL FEATURES

The three major geologic structures
present in and without the Sea Island
Coastal Region are the 1) Southeast
Georgia Embayment, 2) Cape Fear Arch,
and 3) Peninsular Arch-Central Georgia
Uplift (Fig. 2-16). The Southeast
Georgia Embayment is a depression,
plunging gently seaward or to the east
and/or southeast, having a basement of
Mesozoic and Tertiary sedimentary rocks.
Approximately 1,500 m (4,900 ft) of
sedimentary rock (mostly limestone)
overlie this basement in coastal Georgia
(Atlas plate 21). Downwarping began
during middle Eocene (Claiborn) time
and continued intermittently up through
the Miocene (Herrick and Vorhis 1963).

To the southwest of the Southeast
Georgia Embayment lies the Peninsular
Arch-Central Georgia Uplift which is the
major positive tectonic feature in the
Southeastern United States. This arch
plunges both to the northwest where it
terminates in the Central Georgia Uplift
and to the southeast where it may become
the Bahama Uplift. Early Paleozoic
sedimentary rocks make up this arch, and
although it is a prominent subsurface
feature, it is not revealed by gravity
or magnetic data. This uplift was
active during the Paleozoic and Mesozoic-
and perhaps, as Cramer (1974) suggests,
the early Cenozoic. Cenozoic tectonism
took place along an axis, the Ocala
Uplift, located to the southwest of this
structure's major trend. Approximately
1,200 m (3,940 ft) of Mesozoic and
Tertiary sedimentary rock overlie the
crest of the Peninsular Arch-Central
Georgia Uplift (Atlas plate 21).

21

The Cape Fear Arch is an
asymmetrical uplift plunging to the
southeast. The southwestern limb dips
more gently toward the Southeast Georgia
Embayment than does the northeastern
limb toward the Hatteras Embayment.
Seismic refraction data of Meyer (1956)
and Hersey et al. (1959) suggest a sea-
ward extension of the Cape Fear Arch
across the continental shelf and the
Blake Plateau. Approximately 470 m
(1,540 ft) of Mesozoic and Cenozoic
sediments overlie this arch along its
crest at the North Carolina/South Carolina
border. The Cape Fear Arch was tectoni~
cally active during the Tertiary and into
the Quaternary as Winker and Howard (1977)
determined by the presence of tectonically
deformed Pleistocene shorelines.

Seismic studies by Meyer (1956)
identified an uplift of pre-cretaceous
basement parallel to the present coast
located along the northern flank of the
Southeast Georgia Embayment (Fig. 2-16).
This Yamacraw Uplift appears to intersect
near Charleston with a north-south
trending crystalline basement (igneous
and metamorphic rocks) structure also
identified by Meyer (1956). Cramer
(1969) stated that it is not known
whether the Yamacraw Uplift is pre-
Cretaceous, Cretaceous, or both.

B. MINOR STRUCTURAL FEATURES

Minor structural features affecting
only Tertiary rocks of the Southeast
Georgia Embayment (Fig. 2~16) have been
identified in Beaufort and Jasper
counties, South Carolina. S8iple (1965)
mapped a structural dome on the Eocene-
Miocene limestone units in the Beaufort-
St. Helena Sound region and called it the
Burton High. Herron and Johnson (1966)
mapped a structural arch (the Beaufort
High) on the middle Eocene Santee Forma-
tion in the same area. This arch dips
westward into the northeast-southwest
trending Ridgeland Basin. Colquhoun
and Comer (1973) found an east-west
trending arch near Charleston, South
Carolina, affecting the upper Oligocene
Cooper Formation and possibly the Santee
Formation, which they named the Stono
Arch. They suggest that this structure
1s probably related to a basement
fault,

C. GEOPHYSICS

1. Bouguer Gravity Anomalies

Regional gravity and magnetic data,
presented in the form of anomaly maps,
are used to infer structural and litho-
logic properties of the buried crystalline
basement. Simple Bouguer gravity anomaly
maps (differences in the earth's gravi-
tational acceleration corrected for
latitude and elevation) of the Sea Island
Coastal Region (Atlas plate 23A) indicate
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Figure 2-15. Stratigraphy of the Snuggedy Swamp peat deposit, Colleton County, South Carolina
(Staudb 1977).

22



EMBAYMENT

AN
e &

~°° @ sTONO ARcH

A=

&\ RIDGELAND BASIN

Q I sEAuFORT=BURTON HIGH

0o 100 200 300

KILOMETERS

Figure 2-16. Major tectonic elements of the Southeastern United States and minor tectonic
features affecting the northern flank of Southeast Georgia Embayment. Structure
contours are drawn on the top of the pre-Cretaceous basement with elevations in
meters below sea level (adapted from Popenoe and Zietz 1977).

23



the presence of local positive and
negative anomalies, 5 - 50 km (3.1 -

31.1 wmi) in dimension, caused by major
geologic structures in the upper 10 -

20 km (6.2 - 12.4 mi) of the earth's
crust (Long et al. 1972, Talwani et al.
1975). These negative simple Bouguer
anomalies could indicate the existence
of sedimentary rock basins depressed

into more dense surrounding igneous

and metamorphic rock; positive anomalies,
on the other hand, could indicate
intrusions of more dense igneous rock
into less dense surrounding sedimen-
tary rock. The negative anomalies of -30
milligal near Georgetown, South Carolina,
and offshore of Charleston, South
Carolina, are probably small sedimentary
bagins (possibly Triassic in age).

The broader, less intense negative
anomaly of ~20 milligal in northern
coastal Georgia probably reflects granitic
crystalline bedrock beneath the South-
east Georgia Embayment. The positive
anomalies of +70 milligal offshore of
Georgetown, South Carolina, and of +50
and +40 milligal in south central
Georgia probably indicate volcanic plugs
(igneous rock) within the crystalline
basement.

2. Geomagnetic Anomalies

The regional gravity and magnetic
anomalies of the Sea Island Coastal
Region are distinct from those of the
Appalachian Piedmont. This implies that
the underlying crystalline basement is
not a simple continuation/extension of
the Appalachians (Popenoce and 2ietz 1977).
Aeromagnetic surveys of the eastern United
States by the U.S. Naval Oceanographic
Office between 1964 and 1966 (Taylor
et al. 1968) identified a major magnetic
anomaly running along the continental
slope and turning westward at the 31st
parallel to cross the Georgia coast near
Brunswick (Atlas plate 233 ). These
workers conclude that this anomaly
represents a felsite igneous body
intruded along the eastern border of the
pre-Paleozoic North American landmass.
This magnetic anomaly coincides with the
east-west trending positive simple Bouguer
gravity snomaly in southeastern Georgia.
In addition, these magnetic Jdata suggest
1) that a granite crystalline basement
in northern coastal Georgia, in agreement
with the negative simple Bouguer gravity
anomaly and 2) that the isolated,
positive magnetic anomalies near George-
town and Charleston, South Carolina,
associated with positive simple Bouguer
anomalies, are indeed dense volcanic
plugs, dikes, or sills.

D. SEISMICITY

There are no known major faults or
even surface exposures of minor ones
within the Sea Island Coastal Region.
However, Pleistocene and Holocene tecton-

ism has affected and continues to affect
this tectonically quiet geologic province.
Winker and Howard (1977) have demonstrated
tectonic deformation of Pleistocene shore-
line deposits, even of the youngest
Effingham and Chatham sequences (Fig. Z-I).
Uplift of the Cape Fear Arch is probably
responsible for their deformation. In
1886, Charleston, South Carolina,
experienced a major earthquake whose epi-
centers were centered in and about
Summerville, South Carolina (Figs. 2-17
and 2~18). At the present time the
geologic feature responsible for this
earthquake of X magnitude on the modified
Mercalli scale is unknown. A descriptiom
of the modified Mercalli intensity scale
and its correlation with the Richter
magnitude scale is presented in Table 2-3.

In their analysis of the Charleston
area gravity data, Long and Champion
(1977) identify a northeast-southwest
trending fault between Summerville and
Charleston (Fig. 2-~19). This fault
affects the crystalline basement rocks and
may serve as the northwest boundary of
the deep sedimentary basin, inferred
from gravity data, beneath the Charleston
area. In addition, they identify an
igneous rock intrusion, oriented east-
west, located between Summerville and
Charleston. Reactivation of this base-
ment fault is a possible cause of the
1886 and subsequent earthquakes, but
fracturing of the igneous intrusive mass
is the more probable mechanism
{Long and Champion 1977, Rankin 1977).
Regional! stress is concentrated on the
peripheries of these intrusive igneous
bodies. The release of this stress by
fracturing produces the earthquakes.
Significant earthquakes occurring in
other essentially stable regions as
Cape Ann, Massachusetts; New Madrid,
Missouri; Attica and Massena, New York;
Baie St. Paul, Quebec; and Anna, Ohio,
are associated with positive gravity
anomalies inferred to represent igneous
intrusive bodies (Kane 1977).

E. HISTORIC SEALEVEL CHANGES

Measurements of sealevel position
(Hicks 1973) at Charleston, Savannah
River Entrance, and Fernandina Beach,
Florida, (St. Marys River) indicate a
net rise since monitoring began in the
early 1920's (Fig. 2-20). Of course,
land subsidence cannot be distinguised
from net sealevel rise in data obtained
at these mareograph or tide gauging
stations. Estimates of the net sealevel
rise attributed solely to true or
eustatic sealevel events center around
1 mm (0.04 in) per year (Fairbridge
1961); thus, measurements made from the
Sea Island Coastal Region may reflect
a component of land subsidence as well.
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CHARLESTON, S.C. EARTHQUAKE - AUGUST 3, 1888
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Figure 2-17.

(adapted from Bollinger 1972).

IV. ECONOMIC MINERAL
DEPOSITS

A. PHOSPHORITE (PHOSPHATE ORE)

The mining of phosphorite or
phosphate ore began in the Charleston,
South Carolina, region in 1867 and
continued up to 1938 (Malde 1959).
main deposits were mined: 1) land
rock, consisting of phosphate nodules,
pebbles, and fossils in a matrix of
unconsolidated sand or localiged,
irregular masses of phosphatized lime-
stone and 2) river rock, consisting of
phosphate-rich pebble gravels in present
stream beds. The land rock was strip
mined from various Pleistocene deposits,
e.g., the Ladson Formation (Malde 1959),
and the river rock was dredged from the
Wando, Stono, and Coosavw rivers (Fig.
2-21). Some local processing of phos-
phorite ore into fertilizer was done at
Charleston along the Ashley River.

South Carolina phosphate rock production
data are presented in Takle 2-4.

Two

Phosphorite deposits also occur in
coastal Georgia although none has been
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1811 NEW MADRID EQ. : X!, 2 MILLION SQ. MI.
1906 SAN FRANCISCO EQ.: X1, 375,000 $Q. ML

DEATHS: ~ 60 DAMAGE: ~$5 MILLION
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* WATER, SAND, AND MUD FOUNTAINS
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*REGION ESSENTIALLY FREE OF
SHOCKS FOR PRECEDING 208 YRS.

*LARGE FELT AREA

* DUAL EPICENTRAL POINTS

*WESTVIRGINIA LOWINTENSITY

Isoseismal map and general description of the 1886 Charleston earthquake

commercially exploited to date. The
recent discovery of a major depousit in
eastern Chatham County within the Hawthorn
Formation (Georgia Institute of Technology
and Georgia Department of Mines, Mining
and Geology 1968) has sparked renewed
mining interegt in the Chatham-Jasper-
Beaufort area. Commercial grade deposits
are located beneath Little Tybee Island

at depths of 70 - 160 ft (21.3 - 48.8

m). The Hawthorn Formation underlies

all of the Georgia Sea Island Coastal
Region, but only in Chatham and Effinghsm
counties is it within 200 ft (61 m) or
strip-mineable distance of the surface
(Georgia Department of Mines, Mining

and Geology 1969).

B. LIMESTONE

The Santee Formation is quarried for
cement, agricultural lime, and road metal
in Georgetown, Berkeley, and Dorchester
counties, South Carolina. These quarries
or open pits are kept dry only by
constant pumping. As the Santee Formation
is a major aquifer, this pumping has
caused local wells to go dry in the
immediate vicinity of certain pits



Table 2-4. Phosphate rock, in long tons, sold and mined in South Carolina
(Malde 1959).

Amount Sold

Land rock River rock
(Pleistocene (Recent Amount
Year deposits) deposits) Total mined®
Ending 31 May:
1867 6 - 6 -
1868 12,262 - 12,262 -
1869 31,958 - 31,958 -
1870 63,252 1,989 65,241 -
1871 56,533 17,655 74,188 -
1872 36,258 22,502 58,760 -
1873 33,426 45,777 79,203 -
1874 51,624 57,716 109,340 -
1875 54,821 67,969 122,790 -
1876 50,566 81,912 132,478 -
1877 36,431 126,569 163,000 -
1878 112,622 97,700 210,322 -
1879 100,779 98,586 199,365 -
1880 125,601 65,162 190,763 -
1881 142,193 ) 124,541 266,732 -
1882 191,305 140,772 332,077 -
1883 219,202 159,178 378,380 -
1884 250,297 181,482 431,779 -
1885 225,913 169,490 395,403 -
Ending 31 December:
1885 149,400 128,389 277,789 -
1886 253,484 177,065 430,549 -
1887 361,658 218,900 480,558 -
1888 290,689 157,878 448,567 -
1889 329,543 212,102 541,645 -
1890 353,757 110,241 463,998 -
1891 344,978 130,528 475,506 -
1892 243,652 150,575 394,228 -
1893 308,435 194,129 502, 564 -
1894 307,305 142,803 450,108 -
1895 270,560 161,415 431,975 -
1896 267,072 135,351 402,423 -
1897 267,380 90,900 358,280 -~
1898 298,610 101,274 399,884 -
1899 223,949 132,701 356,650 -
1900 266,186 62,987 329,173 -
1901 225,189 95,992 321,181 -
1902 245,241 68,122 313,365 -
1903 233,540 25,000 258,540 -
1904 258,806 12,000 270,806 -
1905 234,676 35,549 270,225 -
1906 190,180 33,495 223,675 -
1907 228,354 28,867 257,221 -
1908 192,263 33,232 225,495 -
1909 201,2514b 6,700 207,954 -
1910 179,659 [ 179,659 -
1911 169,156 - 169,156 -
1912 131,490 - 131,490 -
1913 109,333 - 109,333 -
1914 106,919 - 106,919 -
1915 83,460 - 83,460 -
1916 53,047 - 53,047 39,035
1917 33,485 - 33,485 45,541
1918 37,040 - 37,040 33,673
1919 60,823 ~ 60,823 49,032
1920 44,141 - 44,141 42,709
1921 - - - -
1922 1,500° - 1,500 -
1923-24 - - - -
1925 2,147 - 2,147 2,147
1926-37 - - - -
1938 100 - 100 100
a. No records kept 1867 - 1915. c. Included in land rock.
b. Includes a small amount of river rock. d. Sold from stocks of previous years.
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Pigure 2-18. Seismicity of South Carolina amd Georgia (Bollinger 1972).
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Figure 2-20. Seaslevel curves for Charles-

ton, Savannah River Entrance, and
St. Marys River Entrance measured
by continuous recording tide gauges
(Hicks 1973). -
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(Spigner 1978). Mined material is
transported to Charleston and other
areas primarily for construction and
agricultural purposes. In the
Harleyville~-Holly Hill region of South
Carolina, it is locally converted into
Portland cement. This resource is
economically very significant since
cement production from the Santee Forma-
tion ranks first in value of all minerals
produced in South Carolina (Sheffer
1974). However, detailed production
figures for counties in the Sea Island
Coastal Region are not available to the
public (Sheffer 1974).

C. SAND

Pleistocene sand deposits are ex-
cavated near Charleston and Savannah
and along the major highways for road
metal, land fill, and construction
purposes. Most of these operations are
small in scale and operate for relatively
short periods of time; detailed production
data are not presently available for the
Sea Island Coastal Region.

D. PEAT

Peat is mined from Snuggedy Swamp,
Colleton County, South Carolina, and
sold for use in general soil improvement.
Today the U.S. Peat Corporation has
2,200 acres (890 ha) under lease and
actively dredges and reclaims 10 acres
yr (4.1 ha/yr). Production data for
this operation from 1973 to 1977 are
given below:
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basement fault is one possible cause of the 1886 and subsequent earthquakes.
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Figure 2-21. Map showing the approximate original distribution of phosphorite
deposits in South Carolina (Rogers 1914).

YEAR SHORT TON
1973 14,000
1974 18,000
1975 12,000
1976 12,000
1977 14,000

This deposit's geology (Fig. 2-15) has
been described in some detail by Staub
(1977). (See Holocene Stratigraphy for
additional information on the geology
of this deposit.)

V. GROUNDWATER

Groundwater may well be the most
important natural economic rescource of
the Sea Island Coastal Region. Abundant
quantities of high quality water are
available from various aquifers (Atlas
plate 20). Information regarding
withdrawals, water quality, number of
wells, etc. is largely restricted to
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the deeper aquifers although the
shallow or surface aquifers are
utilized extensively,

A. PRINCIPAL ARTESIAN AQUIFER

Limestones of upper and middle
Eocene age (Santee Formation and the
Ocala Group) comprise the Principal
Artesian Aquifer of coastal Georgia
and southeastern South Carolina. In
Florida this aquifer is known as the
Floridian Aquifer. The Principal
Artesian Aquifer, as the name implies,
is under a confining pressure or head
such that water in wells rises above
the upper surface of the aquifer (Fig.
2-22). Throughout much of the Georgia
Sea Island Coastal Region this original
head was so great that wells were free
flowing at the surface. Extensive
utilization of this aquifer has resulted
in a2 continuous decline in head, with
marked cones of depression near major
well fields at Savannah, Brunswick, and
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St. Marys, Georgis (Fig. 2-22). The
recharge area of the Principal Artesian
Aquifer is located in the upper coastal
plain beyond the limits of the Sea
Island Coastal Region (Fig. 2-23).

B. MESOZOIC SANDSTONE AQUIFERS

Aquifers other than the Principal
Artesian Aquifer are exploited in

South Carolina.

Sandstones within the

Cretaceous Tuscaloosa and Black Creek
Formation serve as the primary artesian
aquifers (Fig. 2-23) in coastal South
Carolina (Siple 1975, Spigner et al.

1977, Hayes 1977).

The water quality

is variable (Fig. 2-24) with certain
aquifers suitable for municipal drinking
purposes (e.g., the Black Creek Aquifer
at Mt. Pleasant, South Carolina), and
others only for agricultural purposes
(e.g., the Tuscaloosa Aquifer is used

to supply water for golf courses). The
recharge area of these aquifers is the
upper coastal plain, beyond the limits
of the Sea Island Coastal Region, and
the presence of ancient saline formation
waters within them indicates that they
have not as yet been uniformly flushed
with fresh groundwater.

C. SALTWATER ENCROACHMENT

Saline water encroachment upon
the potable water-producing zones of the
Principal Artesian Aquifer has been
observed in the Hilton Head-Port Royal
Sound Region of Beaufort County, South
Carolina, and at Brunswick, Georgia.
This encroachment results from 1) present-
day ocean water entering the aquifer,

and /or

2) ancient saline formation

water, trapped during deposition of the

sedimentary rocks and unflushed by fresh
groundwater entering from adjacent
aquifers. Using geochemical and
isotopic analyses of the saline waters,
Back et al. (1970) concluded that
present day ocean water is entering

the Principal Artesian Aquifer under
Port Royal Sound and is moving towards
the cone of depression at Savannah
(Fig. 2-25). This rate of movement,
assuming current pumping levels

remain constant, is such that salt
water in the upper zones of the
Principal Artesian Aquifer should reach
Savannah in 400 years and in the lower
zones in 90 years (McCollum and Counts
1964). At Brunswick, Georgia, however,
Stewart (1960), Wait (1962), and
Hanshaw et al. (1965) concluded from
geochemical and isotopic evidence that
the encroaching saline waters came from
deeper aquifers and not the present—
day ocean. The presence of ancient
saline formation waters in adjacent
aquifers (Siple 1967) further
complicates the problem of saltwater
encroachment (Figs. 2-26 and 2-27).
This encroachment can take place
anywhere hydrodynamic conditions favor

‘the migration of water from adjacent

aquifers into potable water-—producing
aquifers and not just immediatley along
the coast.

D. ECONOMIC VALUE

The economic value of the ground-
water resource may be estimated from the
present 341.2 million gal/day
pumping rate (Park 1979) over the
Sea Island Coastal Region (Atlas
plate 20). Using a cost figure of
$0.13/1000 gal (B. C. Spigner, 1979,

Recharge area

NORTHWEST

LOUISVILLE

STATESBORO

Py
T~ Neiay,

a7y ware,

~
(Freeh ~::J ESIAN_aayiren

SOUTHEAST

Figure 2-23.

Diggrammatic cross section of the Principal Artesian Aquifer

from its recharge region to the Georgia coast {adapted from

Counts and Donsky 1963).

33



I 23 4Miles
10

/ 2
/INSUFFICIEN
»J DATA

N

All sands greater thon
280 mg/| chloride. Diesoived
solids greater than 500 mg/l.

~2=] Upper sands less than 250
=2 mg/l. Lower sands salty.

v Dissolved solids may be

greater than 500 mg/).

m Upper and middie sonds less
than 250mg/| chloride. Lower
sands greater than 2350 mg/!
chloride.

All sands usually confain fresh
water. Lowermos! saonds moy
locally contain salty water.

A Well used os control point.
o | () == == Potentiometric contour

Figure 2-24. Potentiometric and water quality map of major sands in the Cretaceous Black Creek
Aquifer system in Horry and Georgetown counties (adapted from Spigner et al. 1977).
The potentiometric contours represent the distance relative to mean sea level that
water rises in wells.
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ILTON HEAD
ISLAND

Figure 2-25.

Groundwater movement within the Principal Artesian Aquifer in the Hilton Head-Port
Royal Sound region of Beaufort County, South Carolina (adapted from Back et al. 1970).
The reversal of flow direction, ocean-water intrusion beneath Port Royal Sound, and
the freshwater recharge on Hilton Head are all considered to be direct results of

the utilization of this aquifer at Savannah, Georgia, since 1880.

33



NORTHEAST : SOUTHWEST

OCEAN MYRTLE GEORGE- CHARLESTON PARRIS
DRIVE BEACH TOWN ISLAND
7 A' Sea Level— Of
2160 .
/“/ < 200"
b 744 -{ 400’
1 oo
2020 -
165 N - a00’
590 65 N 1.,
. — 1000
71330 N 18500 ]
T o N\ 1200
~ N
625 =
S N {1350 .
~ N )
~ —_—
~ - ~{1600'
\ —
> J1800
RN p925 i
~ Q132 ~ . 2000
~ -~
S S~ -
~ o ~ 9435 JEZOO'
~
~
~
\ 1]
2669
- ~ *82 '
~ i5 2830
= 3250’
N
' ]
3450
26 [ 26

Figure 2-26. Quality of the groundwater in coastal South Carolina (adapted from Siple 1967). The
salt waters present are primarily ancient, unflushed formation waters and not recently
intruded, present-day ocean waters. Numbers refer to chloride concentration in parts
per million.
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South Carolina Water Resources
Commission, Columbia, pers. comm.)

the annual value of this resource is-
$16 million. This amount does not take
1nto account the value of industrial
production located in this region
becsuse of the abundant quantities of
high quality groundwater or the
potential cost to municipalities for
alternate water supplies if potable
groundwater were not available. Surface
water utilization, according to Park
(1979), is 778 million gal/day over

the Sea Island Coastal Region (Atlas
plate 204).

E. MANAGEMENT

The Georgia Environmental Protection
Division has formulated its management
plans for groundwater management from
data supplied by the Georgia Geological
Survey Branch and the United States
Geological Survey. The Georgia Ground-
water Use Act of 1972 was amended in
1973 to eliminate capacity use areas
and to require all groundwater users
withdrawing more than 100,000 gal/day
(except for agriculture and poultry
processing) to obtain a permit.

Management activities in South
Carolina have been conducted primarily
through technical assistance programs
of the South Carolina Department of
Health and Environmental Control
(SCDHEC) and the South Carolina
Water Resources Commission (SCWRC).
Authority to manage groundwater
quality is available to the SCDHEC
through the South Carolina Ground-
water Use Act of 1969. This Act
allows the SCWRC to request
designation of "capacity use areas"
and require current and prospective
users to obtain permits. No such
area has been designated in South
Carolina as yet, but one has been
recommended for the Horry County and
Georgetown County region (Spigner
et al. 1977).

Park (1979) designated four
levels of groundwater data for the
Sea Island Coastal Region:

1) Field data: various file data
exist but have not been completely
field checked and verified for accuracy.

2) Reconnaissance: generalized
groundwater studies have been completed
and published or open-file reports are
available.

3) Planning: the hydrology
of aquifer systems and the relationship
between hydro-geology and groundwater
quality is known and described in
published reports.
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4) Management: a descriptive
or computer analog model of all principal
aquifer systems is available to describe
the water balance, the surface water-
groundwater relationship, and the
man-made and natural stresses on
hydrologic conditions and water quality.

Fileld data exist for Colleton and
Jasper counties, South Carolina, and
for Camden and Effingham counties,
Georgia. Reconnaissance-level data
exist for Beaufort County, South
Carolina. Management-level data are
available for Chatham, Bryan, Liberty,
McIntosh, and Glynn counties, Georgia.
These levels of groundwater data for
the Sea Island Coastal Region are
presented on Atlas plate 20F .



CHAPTER THREE

SOILS

I. INTRODUCTION

A knowledge of soils found within the
Sea Island Coastal Region is important to
sound land use planning and habitat
evaluation. The physical and chemical
properties of soils strongly influence the
distribution of plants and animals within
the region., The depth of the water
table and drainage characteristics are
particularly important in determining the
value and vulnerability of Sea Island
Coastal Region soils to potential uses by
man.

A. SOIL STRUCTURE

Soil, when viewed in vertical section
as on & cut bank or ditch, is composed of
three distinct horizontal layers which
often are discernible by differences in
color. These layers are referred to as
"horizons" (Fig. 3-1). The sequence of
horizons from surface to unmodified
parent material is referred to as the
soil profile. The topsoil layer which
is composed primarily of the remains of
plants and animals undergoing humification
is termed the A horizon. The A horizon
can be subdivided into 4j; (litter),

Ap2 (duff), Ap3 (leaf mold), 43 (humus),
and Ay (leached zone). Each of these
subdivisions represents a stage of
progressive humification increasing

from Ap1 to Ay. Beneath the A horizon
is the B horizon or zone of minerali-
zation which is composed of mineral

80il in which the organic compounds

have been converted into inorganic
compounds by decomposers, and mixed

with finely divided parent material.

The water soluble materials present in
the B horizon frequently are formed in
the A horizon and "leached" by the down-
ward movement of water into the B horizon.
Below the B horizon is the parent
material or C horizon. The parent
material of the C horizon may have been
transported to its present site by
gravity (colluvial deposit), water
(alluvial deposit), glaciers (glacial
deposit), wind (aeolian deposit or
loess), or it may be an original

mineral formation subjected to the soil-~
forming process (Odum 1971, Wilkes et al.
1974).

B. SOIL CLASSIFICATION

Many dozens of soil types occur within
a given county as a result of variations
in parent material, topography, and
vegetative community. These types are
called soil series. Each goil series name
usually includes the geographical locality
where the series was first described
and an indication of the texture of soil,
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for example, "Pelham Loamy Sand." Soil
series are sometimes grouped into
"associgtions" which occur together in
certain areas, such as the "Crevasse-
Dawhoo" or "Lakeland-~Chipley"
associations.

Classification of soil types has
become a highly complex and empirical
subject, a detailed description of which
is beyond the scope of this chapter.

A detailed description of soil taxonomy
can be found in Soil Taxonomy (U.S.
Department of Agriculture, Soil
Congervation Service 1975).

II. SOIL FORMATION

Biotic and abiotic components
of soil are intimately related. Soil
is an important environmental factor
for the resident biota and is in turn
influenced by them. Permanent
differences in biotic communities are
directly correlated with differences
in Boil series.{(0Odum 1971). ( See
Volume III, Chapter Six, Upland
Ecosystem for a discussion of soil
fauna.) Soil is the net result of the
actions of climate and organisms on
the parent material of the earth's
crust over time (Fig. 3-1).

Soils of the Sea Island Coastal
Region are formed from materials that
were deposited during the various stages
of coastal submersion (Hoyt 1968).

During each stage of submersion the
formation of new lagoons, marshes, and
barrier islands promoted sorting and
mixing of the coastal deposits. As the
sea retreated during the late Pleistocene,
the soil forming processes began to
develop the soils we observe today. The
soils vary from sand-clay mixtures with
distinct horizon development to soils of
predominantly quartz sand with indistinct
horizon development. (For a more detailed
discussion of Pleistocene geologic
history, see Chapter Two of this volume.)

The Sea Island Coastal Region is
wvarm and humid with long hot summers and
mild winters. Rainfall is abundant
[45 - 50 in (17.7 - 19.7 cm) per year]
and the soils are moist or saturated
most of .the year. This climate favors
rapid decay of organic materials and
minerals, solution of bases, and trans-
location of clays. Soils with high
permeability are highly leached.
Abundant rainfall increases leaching
of cations like Mg++ and Ca++ from
surface layers, replacing them with
H+ and increasing acidity (Wilkes et al,
1974).

Relief affects soil formation
through influence on drainage, runoff,
erosion, and percolation of water and
air. Narrow ridges and slopes are
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characteristically low in organic accumu-
lations. Low areas and depressions may
tend to accumulate organic materials
since the soils are poorly drained and
remain wet for extended periods. Decom-
positional processes are subsequently
retarded and peat formation results.

The gray mottles or gray coloration
observed in poorly drained soils are the
result of oxygen removal from aluminum
and iron compounds. Well-drained soils
have oxygen-rich conditions and tend to
exhibit yellow to red colors with no
gray mottles to a depth of 3 - 4 ft (0.9
- 1,2 m) (Byrd et al. 1961).

Plants supply organic material
through decomposition of surface litter
by soil organisms, including fungi,
bacteria, and small animals. The accumu-
lation of surface litter is essentially
a function of the type of plant community
present. Accumulated humus can act as
an effective nutrient trap preventing
nutrients from leaching out of the
surface layers of the soil. Sandy soils
are particularly subject to excessive
nutrient leaching in the absence of a
humus layer (Odum 1971).

The alteration of parent material
by soil forming processes over time
results in horizon development. The
features of the various soil types or
series in a given area are the result of
the dominating soil forming processes
in that area. The length of time that
geologic materials have remained in
place is reflected in the distinctness
of the horizons in the soil profile.

III. SOILS OF SEA ISLAND
COASTAL REGION

Within the Sea Island Coastal Region,
the soils found are Pleistocene and
Holocene in age. The soils of the
mainland and the sea islands, as well as
some of the barrier islands, were laid
down during the Pleistocene period at
least 25,000 to 35,000 years ago (Hoyt
1968). Other barrier island soils are
of more recent origin, having been laid
down during the recent or Holocene
period within the last 4,000 to 5,000
years. Marshland soils are also of
Holocene origin (Hoyt 1968). For an
overview of the soils found in the Sea
Island Coastal Region, see Table 3-1
and Atlas Plate 19A.

A, PLEISTOCENE AND HOLOCENE SOILS
1. Mainland

Pleistocene mainland soils exhibit
more distinct horizon development and
diversity of soil series than Pleistocene
soils of the sea islands. Sandy to
loamy acid soils predominate in level to
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gently sloping mainland areas. Horizon
development and the presence of loam

are indicative of these more mature
soils. Sandy surface layers over loamy
subsoils predominate in some areas,
vhile soils sandy throughout predominate
in other areas. The soil series charac-
teristic of the mainland areas are
closely associated with natural drainage
characteristics. Generally, the soils
are saturated or seasonally wet except
on the slight ridges where drainage is
good. Most of the soils are acid to
strongly acid, and moderately to poorly
suited for farming and woodland development
(Miller 1971, Wilkes et al. 1974).

2. Island

The soils of the islands are less
diverse and horizon development is less
distinct than in mainland soils (Johnson
et al. 1974). Relief is slight and the
soils are level to depressional sandy
surface layers over sandy to loamy
subsoil. The soils are acid except
where quantities of shell are present.
Accumulations of organic materials are
slight except in the depressional areas
where the soil is saturated during much
or all of the year. Many of the soils
lack a well-defined B horizon (Miller
1971, Wilkes et al. 1974). The types
or series of soils present are closely
related to drainage and the proximity
to the surface of the island water table.

The seaward fringes of the sea
islands, and in some cases entire barrier
islands, are composed of Holocene deposits
of almost pure quartz sand. Due to the
comparatively recent origin of the soils,
horizon development is slight and con-
sequently the soil series are diverse.

The soils are acidic and sandy throughout,
with only slight accumulations of organic
material. The topography is dominated by
a complex of dune ridges and swales or
bays. The dune ridges are excessively
drained to well-drained, and the swales
are moderately to poorly drained.
Standing water is basically indicative

of the water table rather than impervious
soil layers (Miller 1971, Wilkes et al.
1974).

3. Tidal Marsh

The tidal marsh soils are of Holocene
origin and consist of a sediment layer
deposited over an older Pleistocene
sand layer (Hoyt 1968). The marsh
sediments are fine sand, clay, and organmic
deposits in various percentages (Teal
and Kanwisher 1961). The higher marsh
areas contain up to 702 (wet weight)
water.

Sediments in tidal marsh consist of
two distinct layers. The top few
centimeters are subject to aeration and



] 2

|d - EE - - z X =~} S =

TVILNILOd
TIAMS~-ANTYHS

EET =N~}

T xEX

ALI1IEV3H!3d|=;:: HAa EZEE DT a2 A EEXE

d n Louvaang
a-4 Ke1d1yn
d puwayE]

[ - ]
-9
LR -]
OO

Ll )

d d d 232130y
uooa]
uaABy uufg

[
[T -]
A D
k. A
[
[~

@amag
saduoy
jooaqess

(- -]
[T~
[~

Loo
OO oO
[SOR & <

5

j103 108
suiey

01098p109H

293juBg
330830y

eiayjag
2ayepn

s8s13ny
w30dyo38]

suipy

sa)pryaM
B10BM3Y)

o10qdeg
uapelg

uoag
weyiad
933008BR

|m Ay [ -0 A A A (=2~ [-" -9 [~ oA

|m [ ] [=2n=] (=== == A Ay A A S o

$Q1a1d

ANV1 D11d3S
SC:'[HnI.SVd|b<n-n- [ BEO DA OO VL OO

GNV1000ﬂ|m VA VL VLU DA VY O VO
SdOHOAOHIn.n-n. et o sa co voe ofw
& o |

SILISIRVD

QNV DINDId
s:-louaalsml|n.n.n. fa ADA DD MA MA OMD

ALITIEVLIIAS

S3AI1¥3s TIOS

Aoudiang ‘Lardiyp ‘puwiaye
@8a13ny ‘uo0d] ‘uaary uukg
somag “salduo) ‘jooiqeag
NJOJION ‘BUIBY ‘010QBPIOH
_@ajueg ‘332238

B13Ylag ‘o3ysLMm

@8a13ny ‘®v3odjyois]

suipy ‘9ajypeyam ‘BIOBMIY)

o10qieq ‘uapelg

uoa] ‘weyia’ag ‘233J098BK

ROILVIDOSSV 1108

*0

v

s23p1y peolg 3O s]10g Apusg IaM  °II

pueldp °ad] pue
SPUBTMOT 39M jC 8]10S £B]D pus Lweo] °]

*(6£6T APFATTEH Pu® YIjuws ‘9/6] I3JBYS PU® SUP Iad woij
poadeps) sesn 3JDI[3S 10} AITITGRITNS pue .umwhooo pue BUlTOIBR) Yyjinog jo uo132y [BISBO) PUB[S] BAS 2Y] JO S]108 IAIIBIUSSIIdIY "]-¢ d[QER]

42



y31y-g ‘wnipauw-f ‘moi-1 .voowlu ‘a1ej-4 ‘100d-g ‘pajinsun-p XAy

]
TR

|-—1-—1-—1 x x
|ﬂnﬂnﬂn [~V -7}

TVIINILOd
TTIMS-ANIYHS
SALISdRVD
ANV DINDId

x
AlITIﬂVEHHRdlé EE A4

d d d - d d 3a321Yog
d d . d d d s1adg) 39y21yog ‘saadey °y
sjuamipag 4a4e1)
&q uteiaapup S3YSABK [BPIL °A
4 d d d’ d ddray yoweg-ddragy °g
d d 9 d d weygiad
9 9 d d d MBYSI3Y wey{ad ‘aBysiay ‘y
’ 8juawIpag Apueg 4q uiejaapup
sayoeag pue saung 3urdofs 03 [9AdT °Al
d d 9 d d ute3sey)
d d 9 9 9 MBIMR] UTBIBRY) ‘MBIMB] °g
|
d d 9 a-d d @112qe11a
n d 9 B . d-d BUTBY
il d 9 a-d d uo3suyor 2113qB1g ‘suley ‘uolsuyor -y
W = = il bod
(=] 5] m > Q
m g %] =4 H =
m m W. I~ =] 7] Uureld
a m m m 2 S41¥dS 1108 NOILVIDOSSV TI0S Te3ISEO) 3Yyj uo SUTET4 POOT4 JO SIFO °III
z & @
=
ALITISVLINS

papniouoy °*i-¢ diqwl

43



leaching and exhibit a dark brown color.
Below the aerated layer are black
sediments rich in reduced compounds
resulting from anaerobic decomposition
of organic matter. These are principally
the sulfides of iron and other metals

in the soils.

The pH of the marsh sediments of
the anaerobic layer is neutral to slightly
alkaline. If the sediments are subjected
to drying and consequent geration, the
pH ie lowered as the sulfides are oxidized
to form sulfates, including sulfuric
acid. In diked and drained areas, the
pH may drop to 2.0 and the resulting
80il is known as cat clay, a soil in
which plant growth can be inhibited for
many years (Edelman and Van Staveren
1958). Cat clays usually result from
attempts to utilize marshlands for
agriculture or other land-~use practices.
Cat clays or acid sulfate soils may
result from impoundment coustruction or
management when the marsh sediments are
allowed to dry for as little as 3 - &4
months (Czyscinski 1975). On refilling,
the cat clay soil may result in acidifi-
cation of the water, limiting the uses
of the impoundments.

Neutralizing the cat clay acid
sulfate soils may require as much as
20 tons of lime/acre (44 metric tons/ha)
(Wilkes et al. 1974) or 3 ~ 4 years of
tidal flushing (Czyscinski 1975). Drying
may not be a prerequisite for oxidation
and consequent cat clay development.
Introduction of oxygenated fresh water
into impounded marshes may result in
oxidation and acidification without
drying (Czyscinski 1975). Potential
formation of cat clays must be considered
in land-use planning. Additionally,
formation of cat clays is a potential
impact of Santee Rediversion. See
Chapter Six of this volume for a dis=
cusgsion of physical impacts of the Corps
of Engineers' Santee Rediversion Project.

B. NUTRIENT DYNAMICS

The sandy soils of the Sea Island
Coastal Region tend to be droughty or
low in water retention when well-drained,
particularly on the barrier islands
where quartz sand is predominant.
Capillary action in sandy soils is low
while percolation is rapid. Consequently,
the water retention qualities of the soils
are low in the well-drained areas
(Buckman and Brady 1968).

Nutrients are rapidly lLeached from
the surface layer of sandy soils to sub-
surface layers or to the water table.
The ion exchange capacity of sand is low,
since sand graips h few binding sites
to which K+, Nag, C:!E’ and Hg+$ ione
can be bound. Nutrients may be leached
before becoming availasble ¢ the root

systems of plants and soil fungi.

The presence of clay or loam in
mainland suvils retards the leaching of
nutrients which then accumulate in the
B horizon and are thus available to
plants. The B horizon is absent
entirely in the sandy Holocene soils
of the barrier islands, and plants are
primarily dependent on a continuous
nutrient input from decaying surface
litter. If the surface litter is remowed,
nutrient depletion generally is the
result (Buckman and Brady 1968).

C. BIOLOGICAL IMPACTS OF ACID SOILS

The general acidity of the soils of
the Sea Island Coastal Region is an
indication of the following conditions
(Buckman and Brady 1968):

1) a loss of+$xchangeab1e bases
(Ca” ", Mg ') from well-drained
soils;

2) increased solubility of trace
elements resulting in potentially
toxic levels of Al, Fe, and
Mn for some plant species;

3) a loss of available phosphate
since low pH causes phosphate
to complex as insoluble
compounds; and

4) reduced bacterial nitrogen
fixation, resulting in reductiom
in total soil nitrogen.

The well~drained sandy soils of the
sea islands, and particularly the Holocene
barrier island soils, are low in inherent
buffering capacity. Consequently,
they are vulnerable to rapid pH changes
initiated by disturbance of the soil.
Landscaping, sewage disposal, and
agricultural practices may have drastic
effects on soil pH (Buckman and Brady
1968). Plants are sensitive to changes
in soil pH (Russell and Russell 1950).
Sensitive ecological elements may be
adversely affected by intensive
management or development of the island
soils.

IV. SUMMARY:
USE AND MANAGEMENT OF SOILS

Soil properties, such as perme-
ability, size of soil particle, bearing
strength, pH, and depth to water table,
impose limitations on land use.

Therefore, soil surveys, containing highly
specific information on soil properties,
are of interest in agriculture, engineer-
ing and construction, and other land uses
such as recreation, wildlife management,
and woodland development. Because of the



great diversity of soil types or series
in relatively small areas, these detailed
surveys must be consulted prior to eco-
logical studies or management decisions.
The soil surveys, prepared by the U.S.
Department of Agriculture, Soil Conser-
vation Service, and cooperating agri-
cultural experiment stations, are either
published or in progress for the counties
within the Sea Island Coastal Region.
Addresses of local Soil Conservation
Service offices in the Sea Island Coastal
Region are presented in the Directory

of Information Sources.
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CHAPTER FOUR

REGIONAL CLIMATIC TRENDS

I. JINTRODUCTION

The climates of South Carolina and
Georgia are generally pleasant with short,
mild winters and warm, humid summers.

In both States the southerly latitude,
proximity of the ocean, and elevation
are the determining climatic factors.
Mountains up to 1067 m (3500 ft) in
South Carclina and 1524 m (5000 ft) in
Georgia are located about 387 km (240 mwi)
and 290 km (180 mi) from the coast,
respectively. The mountains in South
Carolina tend to serve as a barrier to
cold air masses from the north and west,
whereas Georgia mountains have less of
an influence.

The mountains and the Bermuda high
pressure system tend to retard the
progress of cold fronts into coastal
areas of both States, producing relatively
wild, temperate winters. Summer, though
warm and humid, is relatively moderate in
contrast to more inland areas outside the
influence of the ocean.

IT. TEMPERATURE
A, MAXIMA AND MINIMA

Temperatures in the Sea Island
Coastal Region are moderated primarily
by marine influences, as described
above. For the most part, temperature
maxima are lower and minima higher
along the coast than inland, as
illustrated by 30-year average
temperatures (Atlas plate 26A,B,C,D).
In general, temperature extremes have
not occurred along the coast, i.e.,
maximum summer and minimum winter
temperatures have been at inland
locations (Tables 4-1 and 4-2).
Maximum winter temperatures have, on
the other hand, occurred at coastal
sites or near coastal sites (Tables 4-1
and 4-2).

Additional examples of the marine
influence on climate are evident in the
freeze-free or growing period. 1In
South Carolina, the freeze-free period
is 225 days in Greenville (U.S. Depart-
ment of Commerce, NOAA 1976a) and 294
days in Charleston (U.S. Department
of Commerce, NOAA 1976b). A similar
effect is evident in Georgia, where the
freeze-free period varies from 170 days
in the mountains to about 300 days
along the coast (Carter 1974).

The region best illustrating the
climatic moderating effects of the ocean
is the Gold~n Isles of Georgia. On the

average, only 15 days a year have
temperature minima as low as freezing
(Carter 1967). Temperature maxima are
also moderated by the ocean, since the
Golden Isles are the only location in
Georgia south of Atlanta with a July
average maximum <33°C (90°F) (Carter
1967).

B. NEGATIVE TEMPERATURE DEPARTURES
FROM NORMAL

While the weathar tends to be mild
overall, the 15-year period from 1958 -
1972 was colder than usual for South
Carolina and Georgia. Using temperature
normals for the 1931 - 1960 period for
comparison purposes, Landers (1973) has
shown that South Carclina temperatures
were 0.7% - 1.1°C (1.3° - 1.9°F) below
normal while Georgia temgeratures were
0.7° - 1.3% (1.2° - 2.3°F) below normal.
The average annual negative temperature
departure from normal for 1958 - 1972
indicates that the Sea Island Coastal
Region exhibited a somewhat lower
temperature departure than did inland
areas, where the temperature departures
averaged 0.8°C (1.5°F) or more (Landers
1973). Although the reasons for the
lower temperatures are not known at
this time, it may be that such phenomena
are quite common, following a cyclic
schedule in the same manner as sunspots
or periods of drought.

II1. RELATIVE HUMIDITY

Even though temperatures are not
extreme, relative humidity in South
Carolina and Georgia is frequently high
enough to produce very muggy conditions
in the summer and dank conditions during
the winter. Relative humidity varies less
from locatiun to location than diurnally
{Tables 4-3 and 4~4). Humidity is
generally highest during the summer
throughout each State, but summer humidity
is not necessarily as high on the coast
as inland (Table 4-4).

IV, RAINFALL
A, VARIABILITY

Rainfall, unlike humidity, varies
greatly with location and season (Tables
4-5 and 4-6). General trends for South
Carolina and Georgia indicate maximum
rainfall in mountainous areas, minimum
rainfall inland along the coastal plain,
and moderate rainfall elsewhere (Atlas
plate 26E}. Spring is normally the
driest period of the year in both States,
especially along the coast (Tables 4-5
and 4-6).

Rainfall, though usually moderate
in South Carvlina and Georgia, has at
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Table 4~3. South Carolina average relative humidity at 1300
hours (Landers 1974).

Relative Diurnal
Location Month Humidity (%) Range (%)
Columbia April 54 ’ 28
July 58 35
October 51 40
December 52 35
Charleston® April 50 30
July 64 28
October 56 33
December 54 30

a. Located within the Sea Island Coastal Region.

Table 4-4. Georgia average relative humidity at 1300 hours
(Carter 1966).

Relative Diurnal

Location Season : Humidity (%) Range (1)
Atlanta Spring 54 31
: Summer 63 31
Fall 53 34
Winter 58 24
Savannah® Spring 51 38
Summer 59 34
Fall : 54 36
Winter 57 32

a. Located within the Sea Island Coastal Region.

Table 4-5 South Carolina precipitation averages in cm (in), 1941 - 1970 (U.S.
Department of Commerce, NOAA 1973a).

Location January April July October Annual

Beaufort? 7.90 (3.11) 6.88 (2.71) 18.3 (7.22) 6.63 (2.61) 124.7 (49.08)
Caesars Head 15.80 (6.23) 16.00 (6.29) 20.3 (8.00) 13.90 (5.48) 196.0 (77.17)
Charleston City® 6.81 (2.68) 6.86 (2.70) 19.3 (7.60) 7.65 (3.01) ;24.3 (48.92)
Columbia ' | 8.74 (3.44) 8.92 (3.51) 14.4 (5.65) 6.55 (2.58) 117.8 (46.36)
Spartanburg 9.88 (3.89) 10.70 (4.23) 11.5 (4.54) 7.85 (3.09) 121.4 (47.78)

a. Located within the Sea Island Coastal Region.
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times reached extreme proportions

(Tables 4~7 and 4-8). The coastal region
of each State (Atlas plate 26E) generally
receives about 127 cm (50 in) per year,
with the state-wide annual averages

being about the same. Variability in
rainfall with time and location is gquite
high; hence, deviations from normal
rainfall are not rare or unusual.

B. OCCURRENCES OF DROUGHT CONDITIONS

In spite of the apparent abundance
of precipitation in South Carolina and
Georgia, droughts are by no means rare.
The problem is one of distribution,

i.e., some months receive excessive
amounts of rain, while others scarcely
have a shower. Utilizing 25 years of data
from 32 stations, Van Bavel and Carreker
(1957) found that in 5 out of 10 years in
Georgia there are usually 60 - 70 days of
drought in the central portion of the
State and 50 - 60 in the lower third of
the State. Examples of extremely dry
conditions can be seen in the records

of several stations in the Sea Island
Coastal Region (Tables 4-9 and 4-10).

V. OTHER PRECIPITATION

Other forms of precipitation, such
as snow and hail, are normally
negligible in South Carolina and Georgia.
Except in thunderstorms, hail is rare
and normally not large in size. Snow,
although somewhat uncommon, occurs
occasionally in conjunction with freezing
rain and sleet, usually as scattered
snow flurries. Along the coast snowfall
seldom is great and generally does not
accumulate on the ground. An exception
occurred during February 1973 when 12.7 =
45.7 c¢m (5.0 - 18.0 in) of snow fell in
the low country of South Carolina, with
25.4 cm (10.0 in) falling on 1 day in
Walterboro (U.S. Department of Commerce,
NOAA 1975). During this same snow storm,
8.1 cm (3.2 in) of snow fell in Savannah,
Georgia (U.S. Department of Commerce,
NOAA 1976c), while Macon, Georgia, received
41.9 cm (16.5 in) (U.S. Department of
Commerce, NOAA 1976d).

VI. WIND PATTERNS

Wind data for South Carolina and
Georgia indicate a high degree of
variability, although some recognizable
trends do exist (Atlas plate 26G). In
South Carolina the inland wind regime is
one of southwesterlies and northeaster-
lies, while coastal winds are more
evenly distributed over all directions.
Georgia wind patterns are generally
different from those in South Carolina,
although some similarities exist (Atlas
plate 26G). A comparison of several
locations is presented in Table 4-11.
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VII. TORNADOES
A, INCIDENCE

Storms of many types have played
an important part in the history of the
Sea Island Coastal Region, ranging from
dramatic, but generally nondestructive,
thunderstorms to devastating tropical
cyclones. Tornadoes have occasionally
hit coastal counties in conjunction with
thunderstorms and hurricanes, with the
most frequent occurrence being in con-
junction with violent spring thunderstorms.
For the period 1950 - 1976, only six
South Carolina counties had 10 or more
confirmed tornadoes, two of which were
coastal counties (Atlas plate 26F). During
the period 1953 -~ 1976, South Carolina
had 2.95 tornadoes per 25,900 km2 (10,000
mi?), whe§eas Georgia had 3.62 per
25,900 km“ (U.S. Department of Commerce,
NOAA 1977). 1In comparison, the average
for the ngtion was 1.96 tornadoes per
25,900 km“ for the period 1953 - 1976,
while the max%mum average was 7.90 tornadoes
per 25,900 km“ for Oklahoma during the
same period (U.S. Department of Commerce,
NOAA 1977).

B. GEORGIA TORNADO BELT

In Georgia, unlike South Carolina,
most tornadoes appear to occur in a
"tornado belt" about 97 km (60 mi) wide,
parallel to and slightly south of the
Appalachian Mountains (Armstrong 1953).
There has been a concentration of
tornadoes in the general area around
Atlanta, with few occurring along the
coast (Atlas plate 26F). While it is
true that sparsely populated areas have
fewer tornado sightings due to a lack
of observers, other populous areas
besides Atlanta, such as Augusta and
Savannsgh, have experienced a signifi~-
cantly lower number of tornadoes.
Hence, the concept of a "tornado belt"
18 reasonable for Georgia.

C. HISTORICAL DATA

Although tornadoes accompanying
hurricanes are not common, there have
been several occurrences reported in
South Carolina. There were four
tornadoes associated with a hurricane
in 1935, two with Hurricane Connie in
1955, and six with tropical storm Cleo
in 1964 (Purvis 1977). For hurricane-
spawned tornadoes and tornadoes in
general, the data for South Carolina
suggest that there have been more
tornadoes in the last two decades than
during similar periods in previous years,
i.e., 208 for 1956 - 1976 (Purvis 1977)
compared with 252 for 1916 - 1970
(Landers 1974). The same situation
exists in Georgia, where about 227
tornadoes were reported between 1884 and
1952 (Armstrong 1953) and 511 between



Table 4-6.

Georgia precipitation averages in cm (in), 1941 - 1970 (U.S. Department

of Commerce, NOAA 1973b).

Location

January

April

July

October

Annual

Atlanta
Clayton

. ,a
Brunswick

Savannah Beach?

Bainbridge

11.00 (4.34)
15.40 (6.08)
7.04 (2.77)
6.93 (2.73)
10.30 (4.06)

11.70 (4.61)
15.20 (5.99)
7.65 (3.01)
5.92 (2.33)
12,20 (4.79)

12.4 (4.90)
16.8 (6.60)
19.4 (7.62)
16.7 (6.59)
17.7 (6.98)

6.35 (2.50)
11.70 (4.61)
10.20 (4.03)

7.80 (3.07)

6.30 (2.48)

122.8 (48.34)
176.4 (69.45)
138.9 (54.69)
114.1 (44.93)
132.0 (51.98)

a. Located within the Sea Island Coastal Region.

Table 4~7. Maximum amounts of rainfall in South Carolina.

Location Anount  cm (in) Period Reference

Kingstree 79.1 (31.13) July 1916 Landers 1974

Charleston® 69.0 (27.24) June 1973 U.S. Department of Commerce, NOAA 1976b
Charleston® 26.8 (10.57) 24 hr, Sept. 1973 U.S. Department of Commerce, NOAA 1976b
Georgetown® 28.4 (11.18) 24 hr, June 1945 Kronberg et al. 1955

Edisto Island®

29.6 (11.64)

26 hr, 1969

" Purvis and Rampey 1975

a. Located within the Sea Island Coastal Region.

Table 4-8 Maximum amounts of rainfall in Georgia.

Location Amount cm (in) Period Reference
Savannah® 58.1 (22.88) Sept. 1924 U.S. Department of Commerce, NOAA 1976¢
St. George 45.7 (18.00) 17 hr, Aug. 1911 Carter 1974
Blakely 76.8 (30,23) 24 hr, July 1916 Carter 1974
Brunswick® 26.1 (10.27) 24 hr, Oct. 1944  Carter 1971

Golden Islesa

53.8 (21.20)

Sept. 1962

Carter 1967

8+ Located within the Sea Island Coastal Region.
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Table 4-9. Minimum amounts of rainfall in the South Carovlina Sea Island Coastal Region.
Location Amount cm (in) Period Reference
Charleston 0.03 (0.01) April 1972 U.S. Department of Commerce, NOAA 1976b
Charleston 0.20 (0.08) October 1943 U.S. Department of Commerce, NOAA 1976b
Beaufort 0.28 (0.11) October 1961 U.S. Naval Weather Service Command 1973
Beaufort 0.20 (0.08) October 1972 U.S. Naval Weather Service Command 1973
Walterboro 0.05 (0.02) October 1953 U.S. Department of Commerce, NOAA 1975
Walterboro 0.08 (0.03) October 1961 U.S. Department of Commerce, NOAA 1975
Table 4-10. Minimum amounts of rainfall in the Georgia Sea Island Coastal Region.
Location Amount cm (in) Period Reference
Golden Isles 0.30 (0.10) February 1945 Carter 1967
Golden Isles 0.30 (0.10) November 1956  Carter 1967
Golden Isles 0.30 (0.10) December 1956  Carter 1967
Savannah 0.15 (0.06) October 1943 U.S. Department of Commerce, NOAA 1976¢
Savannah 0.23 (0.09) October 1961 U.S. Department of Commerce, NOAA 1976¢
Savannah 0.05 (0.02) October 1963 U.S. Department of Commerce, NOAA 1976c
Savannah 0.25 (0.10) October 1974 U.S. Department of Commerce, NOAA 1976c
Brunswick 0.00 (0.00) March 1967 Carter 1971

Table 4-11. Wipd statistics for selected locations in South Atlantic States.
Mean Speed Prevailing

Location km/h (mi/h) Direction Reference

Charleston® 14,2 (8.8) NNE U.S. Department of Commerce, NOAA 1976b
Columbia 11.1 (6.9) SW U.S. Department of Commerce, NOAA 1976e
Greenville 10.9 (6.8} NE U.S. Departmeni of Commerce, NOAA 1976a
Savannah® 13.0 (8.1) SW U.S. Department of Commerce, NOAA 1976¢
Macou 12.6 (7.8) WNW U.S. Department of Commerce, NOAA 19764
Atlanta 14.6 (9.1) NW U.S. Department of Commerce, NOAA 1976f
Jacksonville 13.7 (8.5) KW U.S. Department of Commerce, NOAA 1976g

a. Located within the Sea Island Coascal Region.
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1953 and 1976 (U.S. Department of
Commerce, NOAA 1977). There are probably
two explanations for this: reliable data
are lacking from earlier periods and
increased sightings are likely to be a
result of a larger population in the area.

VIII. TROPICAL CYCLONES

A. CRITERIA

While there is some inconsistency
in terminology, "tropical cyclone"
generally refers to all storms with
counterclockwise winds originating near
the North Atlantic subtropical convergence
zone, i.e., east of the West Indies. Cry
(1967) and Ludlum (1963) used the following
system: tropical depression - wind speeds
<63 km/h (39 mi/h), tropical storm - wind
speeds 63 - 117 km/h (39 - 73 mi/h), and
hurricane - wind speeds >117 km/h
(>74 mi/h). For this discussion, the
system of Cry (1967) has been utilized
except when a reference did not distin-
guish between the various terms, e.g.,
the use of storm in the most general
sense.

B. EARLY HISTORY

In spite of the undeniably
destructive nature of tornadoes, tropical
cyclones historically have been far more
devastating in the Sea Island Coastal
Region. Reliable information on tropical
cyclones occurring prior to 1900 is
understandably meager, since there were
few weather stations or reliable observers.
However, hurricanes have been reported
as early as 1686 in South Carolina and
1752 in Georgia (Ludlum 1963). Earlier
storms in Florida, as described in
Spanish accounts, may have affected
southern Georgia, e.g., the tropical
storms at Pemsacola in 1528 and St.
Augustine in 1565 (Ludlum 1963).

C. OCCURRENCE

Regardless of the paucity of early
data on hurricanes, it is evident that
South Carolina has a higher rate of
incidence of hurricanes than Georgia.
Due to the curvature of the coastline
and proximity to the Gulf Stream, South
Carolina has been struck by more
hurricanes than Georgia. Most hurricanes
impacting Georgia have arrived after
passing over the panhandle of Florida.
Under such circumstances, most tropical
cyclones lose much of their destructive
force, since winds usually decrease in
intensity as the storm moves over land.
Tremendous amounts of rain usually
accompany even the most diminished
tropical cyclone resulting in severe
flooding with concomitant destruction
of crops, livestock, and buildings.
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_ (South Carolina) as a four.

b. CLASSIFICATIOR

When discussing tropical cyclones
of hurricane force, it is customary to
rank them according to size and intensity.
Sugg and Carrodus (1969) and Purvis and
Landers (1973) classify tropical
cyclones as hurricane, major, great, or
extreme. Another classification system
is that of Saffir/Simpson in which
hurricanes are given a numerical ranking
of 1 - 5. The ranking is based on wind
speed, storm surge, central atmospheric
pressure, and destruction, with the most
intense storms receiving higher numerical
ranking (Hebert and Taylor 1975). With-
out adequate, reliable data, it is diffi-
cult to rank hurricanes by either scale;
hence,.most hurricanes prior to 1900 can
only be roughly categorized.

Some hurricanes affecting the coastal
regions of South Carolina and Georgia
are shown on Atlas plate 26H. Ranking
post-1900 hurricanes according to the
Saffir/Simpson scale, Hebert and Taylor
(1975) rank Cindy in 1959 (South Carolina)
as a one, the October 1947 hurricane near
Savannah as a two, Gracie in 1959 (South
Carolina) as a three, and Hazel in 1954
No hurricanes
since 1900 were ranked extreme or five
on the Saffir/Simpson scale. A listing
of hurricanes of the Sea Island Coastal
Region is provided in Tables 4-12 and
4-13, showing available data on each
significant storm. At first glance,
some of the wind speeds may appear
ineignificant, but this is misleading
due to the fact that the areas most
affected did not always have anemometers
and available instruments may not have
been reliable or even functioning during
the height of the storm. In addition,
much actual destruction is due to storm
surges and floods, especially in low-
lying areas. The resulting destruction
can be far more severe than statistics
alone would indicate.

E. STORM TIDES

As mentioned above, storm tides or
surges add substantially to the destruc-
tion caused by hurricane~force winds.
Myers (1975) has defined a storm tide as
the height of the sea surface above local
MSL during a storm, and a surge as the
increase (or decrease) of the height of
the sea surface due to a storm. Table
4-13 lists the maximum storm tides
for significant hurricanes in the Sea
Island Coastal Region after 1872. Much
information relating to storm tides along
the South Carolina and Georgia coasts
can be found in Ho (1974) and Myers
(1975). One of the best documented
storm tides in the Sea Island Coastal
Region was that of the August 1940
hurricane, which struck the Georgia-
South Carolina coast just north of
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Savannah. High-water marks were measured
in 1971, utilizing the National Geodetic
Vertical Datum of 1929 (Myers 1975).
Flooding from Savannah to Charleston
occurred with storm tides of 2.3 m

(7.4 ft) at Savannah, 4.4 m (14.5 ft)

at Beaufort, and 2.7 m (8.9 ft) at
Charleston being recorded (Ho 1974,
Myers 1975). Even higher storm tides
have been recorded (Table 4-13), thus
11lustrating the potential for severe
destruction along the South Carolina-
Georgia coast.

F. PROBABILITY

Although hurricanes have often
been called "September gales," they
have occurred along the South Carolina
coast as early as 28 May and as late as
23 October (Simpson and Lawrence 1971).
This represents a fairly narrow time
frame, since tropical cyclones have hit
the Gulf or Atlantic coasts as early
as 2 February or as late as 2 December
(Fig. 4-1). The Sea Island Coastal
Region is a moderately high risk zone
with respect to tropical cyclone
occurrences and destruction (Figs. 4-2
and 4-3). Purvis and Landers (1973}
report that 169 hurricanes hit the
South Carolina coast from 1686 to 1Y72
for an average of 0.59 per year.
Hurricanes on the average have entered
or affected Georgia about once every 10
years, although tropical cyclones of less
than hurricane force have averaged 1.1
per year (Carter 1970b).

G. PRECIPITATION

Even though the obvious effects
of hurricanes include flooding, property
damage, etc., hurricanes alsp have
a significant climatic effect. Cry (1967)
reported that hurricane-related
precipitation in the Sea Island Coastal
Region is about 151 of the total rainfall
(Fig. 4-4). The reason for this is
clear when the courses of seversl
hurricanes are plotted. Many hurricanes
either hit the Sea Island Coastal Region
directly or pass.close to the area
(Fig. 4-5). On 9 July 1916, a hurricane
entered Georgia after traversing
Mississippi and Alabama, producing large
amounts of rainfall in Georgia and, to
a lesser extent, South Carolina. As a
result of the storm, Blakely, Georgia,
received 55.09 cm (21.69 in) of rain in &
days producing a monthly total of 76.78
em (30.23 in). A record rainfall occurred
vhen another hurricane passed inland
over Bulls Bay, Scuth Carolina, on
14-15 July 1916, during which Effingham
received 33.66 cm (13.25 in) of rain in
24 hours (Purvis and Landers 1973).
The flooding and ensuing crop and
property damage were quite extensive
due to the volume of rain and to the
runoff caused by the Georgia storm only
5 days earlier.
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H. DESTRUCTIVE POTENTIAL

As destructive as many of the South
Carolina-Georgia hurricanes and tornadoes
have been, the potential for property
damage and loss of life is far greater
today than ever before. This is
particularly true along the coast where
populations have grown tremendously since
the last great hurricane (<three on
the Saffir/Simpson scale), e.g., from
344,700 in 1959 to 429,900 in 1970 for
South Carolina (Hebert and Taylor 1975).
Since Georgia has not experienced a
hurricane of major intensity in modern
times (when a census has been taken), it
is not possible to evaluate accurately the
population growth since the last major
hurricane. However, the 1970 Georgia
coastal population of 281,108 (Hebert and
Taylor 1975) is undoubtedly much larger
than the pre~1900 coastal population. It
is clear that severe storms such as those
of 1752, 1804, 1885, and 1893 (Tables 4-12
and 4-13) could produce phenomenal
destruction and great loss of life if
adequate warning were not provided. The
damage resulting from storms as intense
as Camille (August 1969 in the Gulf of
Mexico), with a storm tide 7.3 m
(>24 ft) or the "Labor Day" hurricane
(1935 in the Florida Keys) with 322 km/h
(200 mi/h) winds is almost inconceivable
in the Sea Island Coastal Region. Ho
et al. (1975} have calculated that there
is a relatively high probability that
an intense hurricane like Camille could
in fact hit the Georgia-South Carolina
~oast. Although this may never occur,
the extreme hurricane of 27 August 1893
is the closest to the above for comparison
purposes. As shown in Table 4-13, between
1000 - 2000 people died as a result of
the severe flooding caused by the storm
tide of >5.18 m (>17 ft) and the high
wind speeds associated with this storm.
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CHAPTER FIVE

PHYSIOGRAPHY

I. INTRODUCTION

The Sea Island Coastal Region of
South Carolina and Georgia is characterized
by low, sahdy islands which are covered
by maritime forests and are partially
surrounded by marsh. The whole area is
a portion of the Atlantic Coastal Plain
physiographic province in which the
topography is basically broad deposi-
tional terrace surfaces, aligned in
belts subparallel to the present shore-
line. These terraces are Pleistocene
coastal deposits, such as barrier islands,
spits, shoals, marshes, and lagoons.

The seaward edge of the mainland
is bordered by large areas of marsh,
composed predominantly of salt marsh
with limited amounts of freshwater and
brackish marsh. These marshes cover many
of the sand ridges, terraces, and major
river flood plains to varying degrees.
While tracts of marshland have been
altered for rice cultivation, in the
construction of the Atlantic Intra-
coastal Waterway (AIWW), or in dredge
and fill operations for land development,
large amounts of undeveloped marsh
still exist in South Carolina and
Georgia.

The Sea Island Coastal Region is
also punctuated by numerous estuaries, some
with significant freshwater discharge
(major rivers) and some with very minor
amounts of freshwater input (minor
rivers). The former group occupies
drowned river valleys while the latter
group consists of bar-built estuaries
located behind Pleistocene and Holocene
barrier islands. The major rivers drain
the Appalachian Mountains and Piedmont
Plateau. These rivers occupy broad valleys
with meandering channels, oxbow lakes,
distributaries, and extensive sand dune
fields, and the valleys typically cut
straight across the Pleistocene deposi~
tional terraces of the coastal plain.
Minor rivers, whose drainages originate
within the coastal plain, are generally
deflected by these Pleistocene coastal
bodies in their paths to the coast and
therefore do not have extensive sand
dunes developed on their flood plains.

The coastal islands as a group
consist of: 1) sea islands, erosion
remnants of much older islands (Fig.
$-1) with an oceanward fringe of marsh
and/or beach dune ridges constructed
since the middle RHolocene (<5,000 yr
ago); 2) sandy barrier islands with
extensive dune ridges (Fig. 5-2); and
3) marsh islands with widely spaced
dune ridges surrounded by marsh (Fig.
5-3). The barrier and marsh islands
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are Holocene in age, while the sea
islands are Pleistocene. All three
types which face the ocean have experi-
enced erosion and deposition, while
serving as protective barriers for the
mainland.

The whole Sea Island Coastal Region
is quite complicated with respect to
geology, chemistry, and ecology.
Geologically, the islands and marshes
are unstable, being subject to migration
due to natural forces such as waves,
tides, currents, and winds. Man-induced
alterations have further complicated
the situation by locally accelerating
rates of deposition and erosion. Jetties,
sea walls, breakwaters, and groins have in
many areas caused significant alteration
of natural movements of sand by
increasing deposition in one area and
erosion in another. Upstream dams have
altered discharge rates and sediment
loads of rivers such as the Savannah
and Cooper, the latter being an example
of extreme alteration. The results of
these man-induced changes are often
quite significant in terms of environ-
mental impact and cost to taxpayers.

The Cooper River—-Charleston Harbor

System is a classic example, with the

flow of the Santee, a major river, being
diverted through a series of lakes into
the Cooper, a coastal plain river. (See
Chapter Six for a detailed discussion of
the Santee Diversion and Rediversion
projects.)

II. ISLANDS
A. ISLAND TYPES

Coastal islands are generally
clagsified by either functional or
structural criteria, and several island
classification systems are currently in
use. Functionally, islands of the Sea
Island Coastal Region can be divided
into two types: barrier islands and
sea islands. In this regard, barrier
islands are those islands fronting the
open ocean and having high-energy
beaches, while sea islands do not front
the open ocean and consequently lack
high-energy beaches. These simplistic,
functional definitions have been used
worldwide and were recently applied to
the South Atlantic coast by Warner and
Strouss (1976).

Geologists and other scientists
have applied various technical criteria
in developing structural classification
schemes for coastal islands. The basis
for these structural classifications is
usually geological, since age and
formation processes are so important
to the overall character of any coastal
island. Because these technical defini-
tions are more precise in defining the
nature and history of coastal islands,
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a structural classification scheme has
been adopted for use in the Sea Island
Ecological Characterization. This
scheme is described in the following
pages, and is followed throughout the
characterization documents.

The Sea Island Coastal Region is
characterized by low-lying, sandy
islands bordered by salt marsh. These
islands can be classified into three
major groups based on geomorphology,
geologic age, bulk sediment composition,
and environment of deposition. The
classic sea islands of colonial and
nineteenth-century fame (Fig. 5-1) are
erosional remnants of coastal sand
bodies deposited during the Pleistocene
high sealevel stands (Zeigler 1959,
Hoyt and Hails 1969). Those sea islands
adjacent to the Atlantic Ocean (e.g.,
Hilton Head and Cumberland islands) have
an oceanward fringe of beach dune ridges
that were constructed during the present
or Holocene high sealevel stand. Barrier
islands (Fig. 5-2), composed of beach dun
ridges oriented parallel to subparallel
with the present shoreline, separate
saltmarsh-vegetated lagoons from the open
Atlantic Ocean. These barrier islands
were deposited during the Holocene
high sealevel stand. Marsh islands,

composed of isolated or widely spaced
Holocene sand ridges surrounded by
Holocene salt marsh, are located in the
filled lagoons behind the barrier islands
and are demarcated by tidal creeks

(Fig. 5~3).

Where Holocene barrier

B(WNW)

MARSH

islands have been removed by erosion,
marsh islands front the Atlantic (e.g.,
Raccoon Key, Morris Island, and Wolf

Island).
B.  PHYSIOGRAPHY
1. Sea Islands

These erosional remmants of
Pleistocene coastal sand bodies are
crudely 1) elongate, parallel to the
present day shoreline, and 2) rectangular
in outline. Their topography is charac-
terized by gentle slopes organized into
wide, poorly defined ridges and troughs
or swales (Fig. 5-4). Maximum elevations
typically range between 5 to 35 ft MSL
(4.5 to 10.5 m). The sandy soils support
a maritime forest. (See Volume III,
Chapter Three for detailed discussion
of this maritime forest.) Detailed
physiographic data for selected sea
islands are presented in Table 5-1.
e 2. Barrier Islands
These islands are composed of beach
dune ridges oriented parallel to sub-
parallel with the present shoreline.
The beach dune ridges are orgamnized into
discrete geographic sets in the more
complex barriers. The ridge and swale
topography contains locally steep slopes,
e.g., the back beach dunes (Fig. 5-4).
These islands are elongate parallel to
the present shoreline and are crudely
rectangular in outline. Maximum beach

A(WNW) (ESEA

N |

A-A BLACKBEARD ISLAND PROFILE

n

8-8" SAPELO ISLAND PROFILE

| MILE

Figure 5-4. Topographic profiles across

barrier island (A - A'),

a representative sea island (B - B') and a representative
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dune ridge elevations typically range
between 10 and 25 ft MSL (3 and 7.5 m)
with back beach dune crests going as high
as 55 ft MSL (16.5 m). The sandy soils
of these islands support a maritime
forest. (See Volume III, Chapter Three
for a detailed discussion of this mari-
time forest.) Detailed physiographic
data for all the barrier islands in the
Sea Island Coastal Region are presented
in Table 5-1.

3. Marsh Islands

These islands are composed princi-
pally of tidal marsh and are geographically
demarcated by tidal creeks, with many
islands containing isolated or widely
spaced Holocene sand ridges. The
sloping nature of the tidal marsh
surface is so flat and gentle that
the topography is not usually depicted
on even the most detailed Geological
Survey topographical maps. Marsh islands,
with the exception of any sand ridges,
are periodically flooded by tidal
waters. Detailed physiographic data
for the marsh islands fronting the
Atlantic Ocean are presented in Table
5-1.

C. GEOLOGIC FACTORS

The extremely wide, shallow, and
gently sloping continental shelf; the
relative shortage of sand, compared with
silt and clay, available for coastal
deposition; and the Holocene sealevel
rise are the major geologic factors
controlling deposition in the
Sea Island Coastal Region. The charac-
ter of the continental shelf produces
lower waves and a higher tidal range for
this area as compared with adjacent
North Carolina and Florida. Rivers
draining the Appalachian Piedmont, as
well as the coastal plain, supply the
silts and clays of the marshes. Most
sand contained in coastal deposits,
although originally land-derived and
transported to the ocean by rivers,
probably came directly from those
offshore areas of the continental
shelf immediately adjacent to the coast
(Pilkey and Field 1972).

D. BARRIER ISLAND FORMATION

1. Proposed Mechanisms

The mechanisms responsible for
coastal island formation have been
topics of much discussion among
geologists, geographers, and engineers
since the pioneering study of de Beaumont
in 1845. Bars emerging from the ocean
by natural deposition (Fig. 5-5), spits
migrating along the shore (Fig. 5-6),
and the submerging of pre-existing
coastal sand ridges by a rising sea
(Fig. 5-7) are some of the more
important mechanisms suggested by

OFFSHORE BAR DEVELOPMENT

BREAKING
L WAVES
ACH o
- SEA LEVEL——-

b #___—-:~‘=;:;= d g
MARINE SEDIMENTS \oFFsHoRESEA FLOOR wmamee 30
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\ " E
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Figure 5-5. Idealized cross sections of

barrier island formation from an
offshore bar (Hoyt 1967). 1.

Waves agitate sea floor and deposit
sediment to form offshore bar. 2.
Sediment builds offshore bar to

near sea level. 3. Offshore bar

is converted to island with lagoon
on landward side. This idea was
first proposed by de Beaumont (1845).

SPIT MIGRATION

?=2-4MILES

Figure 5-6.

An idealized diagram showing
barrier island formation from a
migrating spit (Hoyt 1967): 1..and
2. Spit develops in the direction

of longshore sediment transport.

3. Spit breached to form barrier
island. This idea was first proposed
by Gilbert (1885).
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Figure 5-7. An idealized diagram showing
the formation of barrier islands by
submergence (Hoyt 1967). 1. Beach
or dune ridge forms adjacent to
shoreline. 2. 7The rising sea
floods area landward of ridge to
form barrier island and lagoon.

researchers [ see Schwartz (1973) for
historical review]. Hoyt (1967) developed
a model of barrier island formation using,
among others, examples from the Georgia
coast. His model stresses the

importance of 1) slow submergence of a
pre-existing coastal sand ridge

(Fig. 5-7) and 2) island migration
parallel and perpendicular to the shore.

2. Obgervations from Sea Island

Coastal Region

The following observations are
pertinent to understanding the origin
and development of the Sea Island Coastal
Region barrier islands and to evaluating
proposed mechanisms or processes of their
formation:

1) These islands are composed of
parallel beach dune ridges, some of which
are organized into distinct groups or
sets {(e.g., Bull and Little St. Simons
18lands). This indicates that seaward
progradation or growth, punctuated by
periods of erosion, has been of primary
significance. These islands have not
migrated landward by overwash processes,
as is the predominant condition along
North Carolina's Outer Banks. Spit-type
migration has occurred, especially
adjacent to major tidal inlets, but has
been usually accompanied by net seaward
growth,

2) There have been several periods
of barrier island formation in the Sea
Island Coastal Region. This is indicated
by sequences of sand ridge islands
extending from the Pleistocene mainland
across the marsh-filled lagoon to the

72

present Holocene barrier islands fronting
the Atlantic. Beaufort County, South
Carolina, has perhaps the best developed
example. Between Ladies Island (a
Pleistocene erosional remnant or sea island)
and Fripp and Pritchard islands (the
Holocene barriers fronting the Atlantic)
are found St. Phillips (Atlas plate 6)
and Old 1islands, which could be
considered marsh islands. However, as
both St. Phillips and O0ld islands are
composed of many sand ridges (the

former organized into several distinct
groups and the latter showing a spit
geomorphology), they should be

recognized as Holocene barrier islands
stranded in the marsh-filled lagoon by
subsequent coastal progradation.

3) The lagoon between the
Pleistocene mainland and the ocean-
fronting Holocene barrier islands is
not filled exclusively with silt and
clay. Preliminary work done by
Van Dolah et al. (1979) in the marsh
behind Bull Island, Charleston County,
South Carolina, indicates that extensive
subtidal to intertidal sand sheets
containing estuarine and marine mollusk
assemblages underlie the marsh silts
and clays. Similar results have been
obtained in the Charleston, South
Carolina, region (F. W. Stapor, 1978, South
Carolina Marine Resources Divigion,
Charleston, unpubl. data) and in the
Savannah, Georgia, region (G. F. Oertel,
1978, 0l1d Dominion University, Norfolk,
Virginia, pers. comm.; F. W. Stapor, 1978,
South Carolina Marine Resources Division,
Charleston, unpubl. data).

E. EROSION

1. Barrier Islands

The sandy barrier islands and the
marsh islands facing the open Atlantic
Ocean, subject to waves and tidal
currents, are experiencing erosion and
deposition. The Holocene sandy barrier
islands, being separated from each other
by tidal inlets and sounds, tend to form
independent littoral drift systems or
celle having minimal net exchange
(Oertel and Howard 1972, Oertel 1975a,
Stapor and Murali 1978). Shore-parallel
or littoral transport is thus not a
simple, integrated river-of-sand flowing
south, but rather a complicated series
of short cells transporting material
to the north and south {see discussion
of littoral drift of coastal inlets,
page 88 ). The ebb-tidal deltas
separating these barrier islands appear
to be serving as significant deposition
sites for sand eroded off the adjacent
islands (Olsen 1977).

The jetties employed in navigation
projects at Winyah Bay Entrance,
Charleston Harbor, and St., Marye River
Entrance have had measurable impacts on



the .adjacent barrier island beaches.

Stapor (1977) demonstrated that the jetties
at Charleston Harbor have induczed
deposition on their adjacent barriers.

The jetties at St. Marys Entrance have
probably accelerated erosion on portions

of their barriers as well as deposition
(Olsen 1977).

2. Marsh Islands

Coastal erosion is locally severe
along the marsh islands. Since these
marsh islands are largely undeveloped
and hence uninhabited, little attention
has been drawn to their plight. Some
of the most extreme shore retreat
measured in the Sea Island Coastal
Region has been measured on these islands
(Stephen et al. 1975).

3. Control Measures

Erosion of certain sandy barrier
islands has so threatened houses, roads,
and public recreation facilities that
extensive control measures have had to
be taken. The U.S. Army Corps of
Engineers has beach nourishment projects
underway at Hunting Island, Beaufort
County, South Carolina, and Tybee Island,
Chatham County, Georgia. OGroin fields
have been installed with mixed results
at Pawleys Island, Georgetown County,
South Carolina; Folly Beach, Charleston
County, South Carolina; Edisto Beach,
Colleton County, South Carolina; Hilton
Head Island, Beaufort County, South
Carolina; and Tybee Island, Chatham
County, Georgia. Bulkheads and revet-
ments are in place along the Isle of
Palms, Charleston County, South Carolina,
and St. Simons and Jekyll islands, Glynn
County, Georgia. Some of this accelerated
erosion appears to be in response to man-
induced alterations which intercept littoral
drift (e.g., jetties, groins, etc.), indi-
cating that at least some of the erosion
control measures are doing more long-term
harm than good.

III. MAINLAND PHYSICAL
FEATURES

The mainland portions of the
South Carolina and Georgia counties
covered in this study are part of the
Atlantic Coastal Plain physiographic
province and consist of low-lying broad
sand ridges and terraces covered principally
with pine and pine~hardwood forests.
These ridges and terraces are relict
Pleistocene coastal deposits, e.g., beach
ridges, marine scarps, coastal dunes,
barrier islands, and back-barrier
lagoons/flats (Colquhoun 1974, Dubar et
al. 1974, Hoyt and Hails 1974). Regional
topographic relief is measured in tens of
meters, but slopes are very gentle except
where rivers have cut steep banks. Maximum
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topographic elevations for the tier of
coastal counties range between 10 and 20
m (33 and 66 ft) and for the inland
counties of Effingham, Dorchester, and
Berkeley range between 30 and 45 m (98
and 148 ft).

The seaward edges of these sand
ridges and terraces are buried by salt,
brackish, and freshwater marshes, giving
the impression of an eroded land mass
submerged beneath a marsh sea. This
results in a highly complex, digitate
interface between the sandy high lands and
the coastal marsh. Coastal wmarsh occupies
the intertidal areas of the major river
flood plains, grading from salt, to
brackish, to fresh water in an upstream
sequence (Atlas plates 9 - 18). These
marshes are middle to late Holocene
in age (less than 5,000 years old).
Colonial and nineteenth-century rice
cultivation resulted in the impounding of
extensive tracts of coastal marsh (Atlas
plates 9 - 18). The creation of dredge
spoil areas, necessary for harbor navi-
gation projects and the Atlantic Intra-
coastal Waterway, has resulted in the im-
pounding of significant areas of coastal
marsh during the twentieth century.

Carolina Bays are developed
throughout the region on the major
sand ridges, sandy terraces, and some
river flood plains. (See Chapter II
for a detailed discussion.)

The major rivers, those originating
beyond the coastal plain, all have wide
flood plains and exhibit evidence of
being underfit or too small for their
flood plaings. The Pee Dee, Santee,
Savannah, and Altamaha flood plains
contain localized dune sheets (Thom
1970). The Pleistocene dunes have relief
of 10 to 25 m (33 to 82 ft), and their
crests are roughly oriented east-west
(Atlas plates 9,11,and 17).

The two main geomorphic units of
the Sea Island Coastal Region are 1) the
quartz sand ridges and terraces, and
2) the silty, clayey marsh plains.
Tables 5-2 and 5-3 present acreages of
marsh, impoundments, forest, farmland,
and developed land, which are mapped on
Atlas plates 9 - 18.

IV. MAJOR RIVER VALLEYS
A INTRODUCTION

The Sea Island Coastal Region is
laced with numerous rivers and creeks,
mostly tidal, with minimum freshwater
discharge. These rivers, meandering
across marsh plains, served during the
colonial period and the nineteenth
century as major communication arteries.
Today they serve primarily a



Table 5-2. Physiographic data for 14 counties included in the Sea Island Coastal Region.

Counties Acres Approx. Acres Acres Total Acres Acres Acres Acres
Urban Mi. of Forested Agri- Acres Brackish Fresh- Tidal Impound-
Land Shore~ culture Coastal & Saltwater water Swamp  ments
line Marsh Marshes Marshes
Georgetown 21,801% 36.2° 391,300° 34,9532 56,2449 20,5409 23,7648 * 11,9409
(1968) (1967)
Berkeley 29,5462 none 583,300° 63,6172 29,0579 7,2524 17,5114 * 4,2949
(1968) (1967)
Dorchester 5,0412 none 263,200¢ 64,7162 1,3469 439¢ 8629 * 459
(1968) (1967)
a b c nan€ d d d d
Charleston 45,416 .75 391,300 29,390% 170,400 142,401 5,000 * 22,999
Colleton 26,8852 sb 484,500  131,300% 59,8459 30,6419 8,608° * 20,5969
(1968) (1967)
a b c a d -d R d d
Beaufort 18,543 36.1 157,000 54,381 135,816 130,015 1,523 * 4,278
(1968) (1967)
Jasper 10,600% 2.8° 312,900°¢ 48,215%  48,774° 36,014¢ 6,536 * 6,2249
(1968) (1967)
Chatham 61,074f c.238 109,779% 21,197F  106,145" 91,965" 12,180"  2,000" *
Effingham 7,294f none 247,811 126,975% 0 * * * *
(1973) (1969)
Liberty 7,9463 ¢.10.58 278,7537 42,261" 39,7617 1,500"  1,000" *
Combined
(1978)
Bryan 7,840 none 161,310% 26,200" 20,495" 72,0200 3,685" *
Combined
(1970)
McIntosh 3,7603 c.148 171,7153 97,165" 77,4850 5,647" 14,0330 *
Combined
(1978)
Glynn 24,9353 c.218 155,1097 83,636" 74,2360 4,700"  4,700" *
Combined
(1978)
Camden 5,3921 c.17.58 292,253} 120,275h 78,275" 21,000" 21,0000 *
Combined
(1978)
a. South Carolina State Soil and Water Conservation Needs Committee 1970.
b. U.S. Army Corps of Engineers 1972a.
¢. Welch 1968,
d. Tiner 1977.
e. U.S. Department of Agriculture Extension Service, 1978, Clemson University, Clemson, unpubl. data.

f. Wilkes 1978.

g+ South Carolina Marine

h. Wilkes 1976

{. Coastal Area Planning
jo Coastal Area Planning
k. Coastal Area Planning
* Data not available.

and Development Commission 1975b.
and Development Commission 1978.
and Development Commission 1975a.
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Resources Division, 1978, Charleston, unpubl. data.



Table 5-3.

Statistical data for 14 counties included in the Sea Island Coastal Region.

Counties Area 9 Approx. Total County River Systems
Miles Maximum Popula- Seat
Elevation tion
(feet) (1970)

Georgetown 8132 75 33,500b Georgetown Pee Dee/Waccamaw,
Black, Santee,
Sampit

Berkeley 1,100% 105 56,199° Moncks Corner Wando, Cooper

Dorchester 5692 130 32,276b St. George Ashley, Edisto

Charleston 9402 70 250,000b Charleston Santee, Wando,
Cooper, Ashley,
Stono, N. & S.
Edisto

Colleton 1,0482 125 27,622° Walterboro S. Edisto, Edisto,
Ashepoo, Combahee,
Salkehatchie

Beaufort 5812 40 51,136b Beaufort May, Combahee,

: Broad, Pocotaligo,

Coosawhatchie, New,
Colleton

Jasper 661° 105 11,885b Ridgeland New, Savannah

Chatham 441°¢ 70 187,767d Savannah Savannah, Little
Ogeechee, Ogeechee,
Canoochee, Wilmington

Effingham 480° 135 13,632d Springfield Savannah, Ogeechee

Liberty 514 70 17,569d Hinesville Medway/Jericho,
Canoochee, Medway,
N. & S. Newport

Bryan ‘ s43f 150 6,5399 Pembroke Ogeechee , Medway,
Canoochee, Jericho

McIntosh 426° 80 7,371d Darien S. Newport, Altamaha,
Sapelo

Glynn c. 491% 50 50,528d Brunswick Altamaha, Turtle/
Brunswick, Little
Satilla

Camden 6538 80 11,3349 Woodbine Little Satilla,
Satilla, Crooked,
St. Marys

a. South Carolina State Soil and Water Conservation Needs Committee 1970.

b. South Carolina Budget and Control Board 1977.

c. Wilkes et al. 1974.

d. Coastal Area Planning and Development Commission 1973.

e. Coastal Area Planning and Development Commission 1975b.

f. Coastal Area Planning and Development Commission 1975a.
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recreational function. Superimposed

on this network of tidal rivers and

creeks are the major water courses
draining the coastal plain and/or the
Appalachian Mountains and Piedmont.

These major rivers can be broken down

into two classes: 1) those originating

in the coastal plain and 2) those
originating in the Appalachian Mountains
and Piedmont. The forwer class includes
the Black, Waccamaw, Cooper, and Combahee-
Salkehatchie of South Carolina and the
Satilla and St. Marys of Georgia. The
Pee Dee, Santee, Edisto, Savannah, Ogeechee,
and Altamaha comprise the latter class.
All of these major rivers served as
arteries of communication during the
colonial period and the nineteenth century.
Additionally, the coastal flood plains of
these rivers were also valuable as sites
for rice cultivation. Today, the major
rivers continue to serve, although to a
more limited extent, as communication
arteries. Additionally, the high volume
and quality freshwater discharge of those
rivers draining the Appalachians is a
major industrial resource.

The Pee Dee, Black, Satilla, and
St. Marys are deflected around various
Pleistocene sand bodies (possibly relict
barrier islands) in their oceanward
courses. 1In addition, the Waccamaw flows
parallel to the coast between two such
sand bodies before emptying into
Winyah Bay. The Pee Dee and Black rivers
also empty into Winyah Bay, which is
essentially a Pleiatocene estuary reoccu-
pied by the present ocean.

B. FLUVIAL DEPOSITS

The major river valleys are composed
of broad flood plains containing oxbow
lakes, meander scroll or point bar
deposits, natural levees, and sand dunes.
The river channels meander and, as a result,
have cut steep banks or bluffs into the
Tertiary bedrock. Near their mouths,
these valleys are covered by coastal marsh
and typically widen as they merge into
their associated deltas or estuaries.

Ce DELTAS

The largest of these major rivers,
the Pee Dee, Santee, Savannah, and
Altamaha, have not constructed deltas
extending significant distances out
onto the nearshore shelf despite 1) their
considerable sediment load and 2) the
relatively low wave energy available to
distribute sediment along the coast.

The Pee Dee flows into an ancient estuary
separated from the ocean by Pleistocene
barrier island deposits. The Altamaha,
Savannsh, and Santee flow directly into
the Atlantic Ocean, but their deltas

may more closely resemble sediment-filled,
drowned valleys than depositional centers
spreading or prograding oceanward over the
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nearshore shelf. The Cape Romain regiom,
nov undergoing net erosion, has an exten-
sive coastal marsh which directly fronts
the open ocean with no seaward sand
barrier. This area has long been
considered an earlier Holocene delta of
the Santee River; Aburawi (1972) and
Woollen (1976) indicate that the Santee
Delta has been in its present position
since at least 4500 years ago. The
extensive Holocene barrier island and
marsh plain directly south of the
Savannah River has also been considered
its delta. Plains of similar and even
larger size occur adjacent to the mouth
of the Cooper River at Charleston and
between tidal Morgan-Coosaw and Broad
rivers in Beaufort County, South Carolina,
streams carrying much less sediment than
the Savannah, Santee, or Altamaha.

D. PLEISTOCENE HISTORY

1. Sealevel Change

During the Wisconsin glacial event
of the late Pleistocene, these major
rivers flowed into an ocean 100 to 200 m
(328 to 656 ft) below its present level.
As a consequence, major river gradients
across the Sea Island Coastal Region may
have been steeper, resulting in valley
floor downcutting. These incised
valleys would have been filled as sea
level rose during the last Wisconsin and
early Holocene. A section across the
Santee River valley (Fig. 2-7, page 13)
showing the nature and thickness of this
fill was developed by Colquhoun et al.
(1972) from South Carolina Highway
Department bore hole data. Sub-bottom
profiles of the lower Savannah River and
Winyah Bay depicting their respective
incision and valley fills are presented
on Atlas plate 22-Aand in Fig. 5-8.

2. River Valley Dunes

Late Wisconsin time (15,000 to
10,000 years ago) saw the formation of
the various river valley dune sheets
{Thom 1970). These dunes represent a
time of changing river conditions,

i.e., a reduction in overall discharge
and/or a shift from a wide, sandy

braided bed to a narrow meandering
channel, serving to expose bare flood
plain to wind action. Another such
indication of a change in river condition
is the underfit nature of the flood plain
character of some major rivers, especially
the Combahee-Salkehatghie. The river
channel, as dcfined by the meander belt
width, does not fill the existing flood
plain, or the valley appears to be too
wide to have been cut by the present
stream.
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E. RIVER SYSTEM DESCRIPTION

The major river systems of the Sea
Island Coastal Region are briefly
described. Table 5-4 presents the
detailed physiographic data pertinent
to each river system. The data include
the drainage basin area, discharge, tidal
extent in river miles, sediment load,
water quality, and width of flood plain
for these 12 major rivers.

1. Pee Dee

The area drained by the Pee Dee,
Waccamaw, and Black rivers defines the
Pee Dee River basin. The river becomes
the Pee Dee at the confluence of the
Yadkin and Uwharrie rivera. The Pee Dee
flows some 200 mi (320 km) from this )
point to empty into Winyah Bay, then into
the Atlantic Ocean near Georgetown.

2, Santee-Cooper

The basin of the Santee-Cooper
originates on the eastern slopes of the
Blue Ridge Mountains in western North
Carolina and flows some 300 mi (480 km)
southeasterly to the coast to empty
between Charleston and the south edge
of Winyah Bay. The Santee River basin
has been dammed at River Mile 87 to form
Lake Marion. The lake occupies the upper
56 mi (90 km) section of the 143 mi
(230 km) length of the Santee River.

The Cooper River has been dammed at

the headwaters in Berkeley County to
form Lake Moultrie. Both dams provide
hydroelectric power and are operated

by the South Carolina Public Service
Authority. The impoundment at Lake
Marion is utilized for releage of a
minimum of 500 ft”/s (14.2 m”/s) discharge
into the Santee River. The remaining
flow is diverted by a canal to Lake
Moultrie and the Cooper River to be
discharged near Charleston. See Chapter
Six for a more detailed discussion of the
Santee-Cooper Diversion and Rediversion
projects.

3. Edisto-Combahee-Salkehatchie

The Edisto-Combahee-Salkehatchie
River basin originates in the west
central portion of South Carolina and
extends approximately 100 wi (160 km) in
a southeasterly direction to empty
between Morgan Island and the western end
of Seabrook Island. There are no hydro-
electric plants on the Edisto-Combahee
River basin.

4, Savannah

The headwaters of the Savannah
River are high on the forested slopes
of the Blue Ridge Mountains in North
Carolina, South Carolina, and Georgia.
The two principal headwater streams,
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the Seneca and Tugaloo rivers, join
near Hartwell, Georgia, to form the
Savannah. The river flows some 300 mi
(480 km) through the Appalachian Piedmont
and the Atlantic Coastal Plain, forming
the boundary between South Carolina and
Georgia, to discharge near Savannah,
Georgia. Two sections of the Savannah
River, Hartwell Lake and Clark Hill
Reservoir, are presently being used for
hydroelectric power production and for
recreation.

5. Ogeechee

The Ogeechee River basin is adjacent
to the Savannah River and is wholly in
Georgia. The river flows 245 mi (395 km)
to empty into the Atlantic Ocean at
Ossabaw Sound between Wassaw Sound and
St. Catherines Sound. A chain of islands,
Wassaw, Ossabaw, Sapelo, and Blackbeard,
are all included in the Ogeechee River
basin. There are no hydroelectric facili-
ties on the Ogeechee River.

6. Altamaha

The Altamaha River is formed by the
confluence of the Ocmulgee and Oconee
rivers 137 mi (221 km) above the mouth and
flows across the coastal plain until it
empties into the Atlantic Ocean near
Darien, Georgia. With the exception of
6,000 acres (2,430 ha) of cleared land,
the flood plain is covered with a dense
growth of timber and underbrush. Five
hydroelectric plants are operated in the
basin by the Georgia Power Company and
three power plants are operated by in-
dustrial companies.

7. Satilla

The Satilla River rises in Coffee
and Ben Hill counties, Georgia, and flows
generally southeasterly about 260 mi
(420 km) to empty into the Atlantic Ocean
at St. Andrews Sound. The coastal plain
portion of the river basin is flat and
has much low wetland and marshes. There
are no hydroelectric generating facilities
located within the Satilla basin.

8. St. Marys

The S5t. Marys River originates in the
Okefenokee Swamp and flows some 125 mi
(200 km) to the ocean. The river flows
to the south from the swamp, then turns
to the north near Folkston, Georgia; then
it turns in an eastward direction toward
the Atlantic Ocean. The river forms the
boundary between Georgia and Florida. Therxe
are no hydroelectric plants in the St. Marys

River basin.
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V. ESTUARIES
A. DEFINITION

The Sea Island Coastal Region
contains numerous estuaries or ". . .semi-
enclosed coastal bodies of water having
free connection with the open sea and
within which sea water is measurably
diluted with fresh water derived from land
drainage" (Pritchard 1967). Estuaries
serve a8 nursery grounds and/or habitats
for important commercial and recreational
species of fish, clams, oysters, crabs,
and shrimp. In addition, their shores are
the sites of cities, factories, and ports.
Estuaries are extremely important
resources which must serve a variety of
interdependent, often competitive
interests.

B. CLASSIFICATION AND GENESIS

Geomorphologically, these estuaries
are either 1) drowned river valleys,
2) bar-built or the result of migrating
barrier islands separating nearshore
regions from the open ocean, or 3} some
combination of both. Charleston Harbor
and Port Royal Sound are classic examples
of drowned river valleys; Murrells Inlet,
Bulls Bay, Calibogue Sound, and Cumberland
Sound are examples of bar-built estuaries;
and Winyah Bay, Sapelo Sound, and St.
Andrews Sound are examples of the drowned
valley-barrier island combination. The
rise in sea level over the past 10,000
years has submerged the sub-aerially
eroded continental land mass, drowning
river valleys and flooding low-lying
regions. In addition, concomitant
erosion of local headlands and offshore
bottoms has provided sediments for the
construction of coastal barriers which
separate nearshore regions from the
open ocean.

C. SEDIMENTATION

Estuaries are traps for terrigenocus
{land-derived) sediments coming down
rivers, sediments moving aleng the open
ocean beaches, and sediments moving
onshore from the immediate offshore
region. Clay-size material is trapped
within estuaries by tidal and nontidal
circulation patterns. Flocculation
(Ippen 1966), internal shearing (Krone
1962), and biologic processes (Schubel
1971) interact to increase the grain
size of this material sufficient for
deposition during periods of slack cur-
rent. Estuarine depcesits include tidal
flats, marshes, and inlet~associated
deltas to name just a few., Most
of the marsh-covered plains characteris-
tic of the Sea Island Coastal Region arec
sediment-filled (or essentially filled)
Pleistocene estuaries, now covered with
a Holocene marsh veneer,
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D. WATER CIRCULATION PATTERNS

Water circulation within an estuary
results from the interaction of numerous
processes, including river flow, tidal
conditions, wind regime, and the
estuary’s physical dimensions. Fresh
water, being lighter than ocean water,
tends to flow seaward over an estuary
in a surface sheet, while denser sea
water flows upstream in a bottom layer
in & counter-~current response to the
river flow. Tidal and wind actions tend
to promote mixing of the two layers.

An estuary's physical dimensions determine

1) the effect of the earth’s rotation
(Coriolis 1orce), which can be significant

in wide estuaries and negligible in

narrow ones, and 2) the degree of tidal
mixing, extensive in shallow estuaries

and limited in deep ones. Table 5~5 presents
a clagsification of estuaries based on
circulation patterns determined by these
interactions.

Circulation patterns in estuaries of
the Sea Island Coastal Region are
primarily dependent on the amount of
freshwater discharge. Where discharge is
significant, the resulting pattern is that
of two-layer flow with vertical mixing.
Charleston Harbor, Winyah Bay, the
Savannah River, and the Altamaha River
fall into this category. Where fresh-
water discharge is minimal, a vertically
homogeneous salinity pattern results,
e.g., Bulls Bay, Port Royal Sound, Wassaw
Sound, and Sapelo Sound.

Circulation patterns do influence
estuarine sedimentation processes and
major changes in these patterns can have
significant results. The diversion of
the bulk of the Santee River's discharge
into Charleston Harbor converted a
vertically homogeneous estuary into one
characterized by two-layer flow. Clays
aud silts introduced along with the
fresh water were, and continue to be,
rapidly deposited; 25 years after
diversion, plans were begun to redivert
this flew back into the Santee River
in order to continue commercial navi-
gation in Charleston Harbor. (See Chapter
Six for a detailed discussion of the Santee-
Cooper Diversion and Rediversion projects.)

E. CHARLESTON HARBOR
1. Iatroduction

Charleston Harbor is an estuary
located midway along the South Carolina
coastline at the confluence of the
Ashley, Cooper, and Wando rivers (Atlas
plate 43B). The harbor 1s bounded on the
north by Sullivans Island and Mt. Pleasant,
and on the south by Morris and James
islands. The City of Charleston is
located at the western end of the harbor
on a peninsula between the Ashley ar4
Cooper rivers.



Table 5-~5. Types of estuarine circulation (adapted from Bowden 1967).

Physical processes

_Type

Forces

Examples from Sea
Island Coastal Region

1. Salt wedge River-flow dominant

River-flow, modified by

2. Two-layer flow
. tidal éurrents

with entrain-
ment, including
fjords

River-flow and tidal
mixing

3. Two-layer flow
with vertical
mixing (part-
ially mixed)

4. Vertically
homogeneous
(a) with lateral
variation
(b) laterally
homogeneous

Tidal currents
predominating

Pressure gradients, field
accelerations, Coriolis
effect, interfacial friction

Pressure gradients, field
accelerations, Coriolis
effect, entrainment

Pressure gradients, field
accelerations, Coriolis
effect, turbulent shear
stresses

Pressure gradients, field
accelerations, turbulent
shear stresses, Coriolis
effect in vertically

Charleston Harbor,
Winyah Bay, Savannah
Harbor, Altamaha
River

Port Royal Sound, St.
Simons Sound, Wassaw
Sound, St. Helena
Sound

homogeneous type with

lateral variation

The area surrounding the harbor is
heavily populated and highly developed,
with numerous urban, suburban, and
industrial sites located on the harbor
perimeter. Because of this high degree
of development, Charleston Harbor was
chosen as an example of an extensively
modified estuary. The extent of modi~
fications can be seen in the many
potential sources of pollution, i.e.,
runoff from municipal and suburban
areas, septic tank overflows, sewage
discharges, industrial outfalls, and
runoff from agricultural zones. Undoubt-
edly, the single most significant modi-
fication affecting water chemistry was the
Santee River diversion in 1942, which
resulted in greatly increased maintenance
dredging requirements. The diversion did,
however, provide industry with a source of
extremely pure fresh water and an
increased flushing action for the lower
Cooper River and the harbor itself.

Specific information for Charleston
Harbor is provided in the following
sections, ranging from physical
dimensions to water quality. Both
historic data, where available, and recent
data are shown for the harbor and its
immediate surroundings.

2, Size

The tidal prism (Volume)80f3
Charleston Harbor is 4.3 x 10° m
(3.5 x 105 acre-ft) (U.S. Army Corps
of Engineers 1966a). Freshwater dis~
charge into Charleston Harbor is
primarily from the Cooper River with
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small amounts being contributed by

the Ashley and Wando rivers. Nominal
discharge from Lake Mpultrie into the
Copper River is 425 m3/s (15,000
ft3/s), with amounts >566 m3/s

(>20,000 ft3/s) being common. The har-
bor area is approximately 36 k

(14 mi?2), with depths ranging from 3.0 to
7.6 m (10 ~ 25 ft) at low tide (U.S.
Army Corps of Engineers 19664). The
main harbor channel {is maintained

by dredging at 10.6 m (35 ft). Large
shoals exist near Ft. Sumter, Shutes
Folly Island (Castle Pinckney), and
Crab Bank, where water depths are

<1.0 m (<3.3 ft) in many places.

© 3. Salinity Distribution

Charleston Harbor changed from a
well-mixed to a highly stratified estuary
when the Santee River flow was diverted
in 1942. Zetler (1953) reported that the
average surface salinity in Charleston
Harbor was 25°/o0 - 32°/oo for the period
1923 - 1941. From 1942 to 1951, the
average surface salinity in the harbor
dropped to about 15°/00 = 20%°/0c0 (Zetler
1953). Similar results were obtained by
the Coast and Geodetic Survey from 1942 to
1952, when the average surface salinity
at the U.S. Customs House in Charleston

" was 16.7%°/00, ranging from 14.2%/c0 to

19.2°/00 (Bears Bluff Laboratories, Inc.
1964).

In general, isohalines are very
compressed from the lower reaches of the
harbor to the mouth of the Cooper River.
Mean surface salinities at the mouth



of the Cooper River were 4.5%/00 for
1973 and 5.3%/0o for 1974, as compared
to 16.0°/00 for 1973 and 18.5%°/00 for
1974 at Cummings Point near the mouth

of the harbor (Mathews and Shealy 1978).
The salt wedge can be detected up the
Cooper to North Charleston, where mean
bottom salinities were 4.0%/o00 for 1973
and 5.1%/00 for 1974 (Mathews and Shealy
1978).

Overall salinity variations in
Charleston Harbor are great, depending
on tide stage, runoff, and precipitation.
A typical salinity variation from high
to low tide at Ft. Johnson on the south-—
west side of Charleston Harbor is about
10°/00 - 12°/00 for bottom waters, with
surface to bottom variation on the order
of 14%/00 (T. D. Mathews, 1978, South
Carolina Marine Resources Division,
Charleston, unpubl. data). Bears Bluff
Laboratories, Inc. (1964) reported surface
salinities 9.2%/00 and 7.4%/co lower
than bottom salinities at the mouth of
the Cooper River and near Hog Island,
respectively.

The effects of runoff on salinity
can be quite significant, e.g., during
1973 surface salinity at Ft. Johnson
varied from about 6°/oo to 28°/vo, while
bottom salinity ranged from 10%°/oo to 30°/oc
(Mathews and Pashuk 1977). During the
same period salinity ranges at the
mouth of the Cooper River were 0.7%/00 -
13.5°/00 (surface) and 2.0%°/00 ~ 26.2°%/00
(bottom). Tidal salinity fluctuations
are often quite significant also, with
surface salinity variations £13°/oco
being recorded in May 1975. Bottom tidal
salinity fluctuations were also consider-
able (i.e., 10%°/00 - 15°/00), but even higher
ranges have been recorded (e.g., 22%/oc
in February 1975) (T. D. Mathews and
M. H. Shealy, Jr., 1975, South Carolina
Marine Resources Division, Charleston,
unpubl. data).

4, Temperature Distribution

Large variations in water temperature
are not common in Charleston Harbor,
although measurable differences in surface
and bottom values are common. As a
general rule, fresh water is cooler in
winter than salt water, since oceanic
water tends to have smaller seasonal
temperature variations.

February 1973 produced unusally cold
water throughout the Cooper River due to
large amounts of snow and ice; otherwise,
the temperature difference between February
and August is approximately 16° - 18°¢
(29° - 32°F) (Mathews and Shealy 1978).

Surface to bottom variations in
tempgrature are generally on the order
of 1°C (1.8°F) or less, although
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variations >2°C (>3.6°F) have been
recorded in the harbor (Mathews and
Shealy 1978).

Diurnal temperature variations are
generally < 1.5°C (<2.7°F), although local
weather conditions such as precipitation
and winds can have a noticeable influence.
For surface water, the greatest diurnal
variation in Charleston Harbor was about
2.5°C (4.5°F) in May 1976, while the
greatest diurnal variation for bottom waters
was 2.7°C (4.9°F), also in May 1976 (T. D.
Mathews and M. 4. Shealy, Jr., 1976,

South Carolina Marine Resources Division,
Charleston, unpubl. data).

Se Bottom Sediment

There are no sediment maps for
Charleston Harbor.

6. Suspended Sediment

Since diversion of the Santee River
in 1942, silting has been an increasing
problem dur to the greatly increased
amounts of zuspended sediments in the
Cooper River. Sediment or solids
concentrations in the harbor are highly
variable, due in part to the variability
of analytical methods. Total solids
for surface samples ranged from 17.46 to
57.84 mg/1 and from 22.96 to 103.24 mg/l
for bottom samples (U.S. Army Corps of
Engineers 1966a). ' Nelson (1974) reported
total nonfilterable residue concentra-
tions of 12 ~ 63 mg/1 with an average
of 37 mg/1 upstream from the mouth of
the Cooper River. Mathews and Shealy
(1978) found even greater variation
in solids concentrations, e.g., total
solids (bottom) ranged from 14.0 to
144,4 mg/1 at the Cooper River mouth
during the period of February 1973 through
January 1974.

7. Tidal Currents

Studies of tidal currents in
Charleston Harbor have been made by
U.S. Department of Commerce (1967),
U.S. Army Corps of Engineers (1966b),
and Neiheisel and Weaver (1967). Surface
tidal current velocities range from
103 to 155 cm/s (2.3 to 3.5 mi/h) in the
main channels during maximum ebb, and from
51 to 124 cw/s (1.1 to 2.8 mi/h) during
waximum flood. Water moves with higher
velocities over the northern portion of
the harbor during maximum flood than
over the southern, with the reverse
occurring during maximum ebb. Neiheisel
and Weaver (1967) concluded from current
measurements made throughout the entire
water column that the harbor's general
circulation is counterclockwise (Fig. 5-9).

Stapor (1977) measured bottom
currents in front o° Sullivans and Morris
islands in an attempc¢ to analyze sand
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transport. His results (Atlas plate 43B)
show flood-oriented transport occurring
1n front of Morris Island, sweeping sand
toward Charleston Harbor Entrance.

8. Water Quality

The water quality in Charleston
Harbor has been a highly controversial
topic during the recent past.

Industrial and municipal wastes were
formerly emptied directly into the harbor
or into one of the adjacent tributary
rivers or streams. Due to stringent
pollution regulations, waste treatment
facilities have been installed in the
area, resulting in improved water quality
overall. The U.S. Army Corps of Engineers
(1966¢c) found, however, that even with

the present high flow conditions, the
effects of waste outfalls were detectable,
i.e., dissolved oxygen percent saturation
for bottom waters was 52% in the upper
harbor and 77% in the lower harbor.
Similar, though improved. conditions were
reported by Mathews and Shealy (1978),
e.g., dissolved oxygen percent saturation
ranged from 80% near the mouth of the
Cooper River to 90% or 95% at the mouth
of the harbor.

Robison and Himelright (1963) found
12 untreated domestic sewage outfalls
along the Cooper River with a biochemical
oxygen demand (BOD) range of 110 -
205 mg/l. Fish kills occurred occasion-
ally through the 1960's, prior to the
enactment and enforcement of various
pollution regulations and laws. A
similar case was noted in the Ashley
River, where several industrial plants
and 24 untreated domestic sewage out-
falls polluted the water (Robison and
Himelright 1963). Fish kills also
occurred in the lower reaches of the
river, with an unusually severe occurrence
on 22 June 1964, resulting in a large
kill of menhaden, spot, croaker, blue
crabs, and porpoises (Bears Bluff
Laboratories, Inc. 1964).

More recent studies indicate a
significant improvement in Charleston
Harbor waters with respect to some
parameters. The BOD near the mouth of
the Cooper River was 0.6 — 1.4 mg/l in
October 5971 during hégh flow conditions
of 566 m~/s (20,000 ft”/s) and 0.8 -

1.0 mg/1 in November 19;1 during low
flgv conditions of 279m”/s (3,000

ft”/s) (Nelson 1974). The average

range in percent saturation of dissclved
oxygen at this same station was 70.7% -
74.2% for October and November 1971
(Nelson 1974). Nelson (1974) also
reported no pesticide residues above the
detection limit for the 18 pesticides
analyzed.

a4

Trace wmetals in the harbor and
surrounding waters are highly variable,
depending on location and, to some
extent, salinity. Relatively low
concentrations of iron, copper, lead,
mercury, and cadmium have been found
in shellfish in the Charleston area.
Elevated copper concentrations have been
detected in oysters near river miles
8 - 10 on the Wando River (Mathews et al.
1979). The oysters from this zone
averaged 106.0 - 118.0 yug/g copper,
as compared with 17.9 ug/g at Ft. Johnson
and 29.9 ug/g at the old Ashley River
bridge. Lead, mercury, and cadmium were
all below the analytical detection limit
on oyster samples from Ft. Johnson and
the Wando River (T. D. Mathews, 1975,
South Carolina Marine Resources Division,
Charleston, unpubl. data).

While trace metals in general may
not be a serious threat in Charleston
Harbor during high flow conditions, concen~
trations may rise significantly during
low flow conditions. During October 1971,
Nelson (1974) found average mercury, iron,
lead, and copper levels of 0.20, 1070,
170, and 45 ug/l, respectively. However,
during low flow conditions in November
7971, average mercury, iron, lead, and
copper concentrations were 0.30, 2212,
232, and 67 ug/l, respectively (Nelson
1974). 1t appears that maximum regulation
of industrial and municipal effluents will
have to be exercised after rediversion
of the Santee River flow to avoid large
increases in many pollutants, especially
in trace metals.

Another measurement relating to
pollution in Charleston Harbor is fecal
coliform concentration. Fecal coliform
counts were frequently very high
before untreated domestic sewage
outfalls were eliminated. During a
South Carolina Water Resources Commission
study, fecal coliforms ranged from 330 -
7900/100 ml with a geometric mean of
830/100 ml during high flow conditions
in October 1971 (Nelson 1974). Low flow
conditions resulted in fecal coliform
levels of 130 - 1700/100 ml with a geometric
mean of 460/100 ml (Nelson 1974). These
values represent a distinct improvement im
water quality when compared with earlier
results. The U.S. Army Corps of Engineers
(1966c) conducted a survey of Charleston
Harbor and found surface fecal coliform
counts of 14,650 and 13,800/100 ml at a
station several miles above the mouth of
the Cooper River and at the mouth,
respectively. At a station near Shutes
Folly Island a surface count of 24,040/
100 ml was measured (U.S. Army Corps of
Engineers 1966d).



F. ' DOBOY SOUND
1. Introduction

Doboy Sound is an estuary located
on the central Georgia coast, south of
Sapelo Island. It is bounded on the south
and west by a series of marsh islands
and by Sapelo Island to the north and
east. Doboy Sound is relatively pristine
when compared to estuaries in highly
developed areas. Since development has
been minimal in the immediate area around
the sound, Doboy Sound was chosen as an
example of an unmodified estuary.

The following sections include
data on the size of Doboy Sound; distri-
butions of salinity, temperature, and
suspended sediment; and tidal currents.
A section is also included on alterations
(dredging) in the sound.

2. Size

Oertel (1971) defined the lower
reaches of Doboy Sound as being seaward
several km beyond the coastline and the
head of the sound above the mouths of
the Duplin and North rivers. The length
of the sound is about 10 km (6.2 mi),
vhile the mouth is approximately 3.2 km
(2.0 mi) wide. Depths in most areas are
<8 m (<26 ft) with relatively steep
slopes on the southwestern sides of the

main channel (Oertel 1971).

3. Salinity Distribution

Relatively low salinity water
(20°/00 - 27°/00) is introduced to Doboy
Sound via the North, Back, and South
rivers (Oertel 1971). Water of about
18%°/00 is also found at the upper end
of the Duplin River (Kjerfve 1973) possi-
bly providing a small supply of low
salinity water to Doboy Sound. Brackish
water ponds on Sapelo Island also contri~
bute small amounts of relatively fresh
water (25°/00), some of which moves
up the Duplin River as a surface lens
(Reumer 1972).

The difference in salinity between
Doboy Sound and adjoining waters is
evident in Table 5-6., Salinity trends
were similar to those in other south-
eastern locations, i.e., lowest in winter,
lower in the sound than in coastal waters,
and lower in creeks and rivers.

4.,  Temperature Distribution

Water temperatures in Doboy Sound
and adjacent areas followed similar

‘trends with minima being recorded in

February and maxima in July and August
(Table 5-7). Minimum temperatures of
<14°C (<57°F) and maximum temperatures
»29°C (>84°F) were recorded by Mshood

Table 5-6. Average monthly surface water salinities (%/oo) for indicated

sections in the Doboy Sound estuary (October 1971 to September

1972) (Mahood et al. 1974).

Large
Upper creeks &

Month creeks rivers Sound Outside
October 11.4 16.3 19.4 26.4
November 12.4 19.2 23.7 24,8
December 10.3 21.5 21.3 19.4
January 9.6 17.3 18.0 26.2
February 6.7 14.2 17.1 25.7
March 14.8 13.9 15.5 31.0
April 12.5 20.6 19.9 29.1
May 13.8 20.9 21.8 29.5
June 12.3 23.3 26.9 26.4
July 15.1 22.9 23.3 30.3
August 17.2 24.8 26.8 32.3
September 21.5 26.1 27.9 32.6




et al. (1974) (Table 5-7). Oertel (1971)
reported summer temperatures in 1970
ranging from 27.9° to 31.2°C (82° to
89°F). Surface waters are somewhat
variable in temperature in Doboy Sound,
since wind and precipitation can
significantly affect temperatures.

5. Suspended Sediment

Oertel (1971) found that suspended
matter decreased overall from the North
River to the South River, with mean con-
centrations of 123.7 and 58.6 mg/l,
respectively. Suspended matter content
was highest during race tides and lowest
at slack water, e.g., in the North River
suspended matter was 248.0 mg/l during
ebb race and 74.7 mg/l at low water
(Oertel 1971). The concentration of
suspended matter generally increased with
depth, although turbulence and vertical
mixing caused significant variations.

Suspended matter in Doboy Sound
exhibited several distinctive trends
different from those of the North, Back,
and South rivers. Oertel (1971) found
that the distribution of suspended matter
at the head of Doboy Sound was similar
for high and low tides, while the central
region of the sound had lower suspended
matter concentrations at high tide.
During flood race, the sediment load was
lower than at low tide, except at the
mouth of the sound where values at the

bottom reached 440 mg/1 (Oertel 1971).
The ebb race sediment concentrations were
highest (520 mg/l) at the head and

central portion of Doboy Sound (Oertel 1971).

6. Tidal Currents

In general, tidal currents in Doboy
Sound tend to follow set patterns, depend-
ing on the effect of low salinity water
via North, Back, and South rivers. Flood
currents enter Dobuy Sound along the
southeastern tip of Sapelo Island, through
the main channel, and over the Wolf
Island shoal. Flood water is deilected
northward by South River water to some
extent, and complex mixing patterns occur
due to the influence of the North and
Back rivers (Oertel 1971). Where flood
water interacts with South, Back, and
North river waters, foam lines form along
current gyres.

Ebb currents, wnile weak, have little
effect on the flow of the North, Back,
and South rivers. Oertel (1971) found
that as ebb currents strengthened, the
flows from these rivers were deflected
towards the main channel of Dobuy Sound.
Turbid mixing of the respective water
masses increases as the ebb progresses,
and salinity and temperature gradients
along the channel axis reach minima after
the maximum ebb race (Oertel 1971).

Table 5-7. Average monthly surface water temperatures (°C) for indicated

sections in the Doboy Sound estuary (October 1971 to

September 1972) (Mahood et al. 1974).

Large
Upper creeks &

Month Creeks rivers Sound Outside
October 22.1 23.9 23.9 23.4
November 15.7 22.1 24.0 16.5
December 15.0 14,1 i5.1 15.5
January 17.8 16.4 16.5 16.6
February 11.6 12.8 13.3 10.8
March 18.7 15.6 15.6 14.6
April 24,4 18.8 17.6 17.3
May 24.7 23.5 23.1 24.5
June 28.8 24,6 25.0 24.9
July 29.3 28.5 28.9 27.5
August 28.0 29.5 29.5 29.3
September 29.3 26.0 26.1 27.5
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Current velocities in the sound are
quite variable. As in other tidal areas,
there is little or no slack water at high
or low tides. This is particularly true
due to the discharge of the North, Back,
and South rivers. Highest current velocities
are found during the ebb race in surface
waters near the center of Doboy Sound,
while maximum flood water velocities
occur at the southwest surface part of

Doboy Sound.

7. Alterations

Man-induced alterations of Doboy Sound
have been few in comparision to heavily
industrialized sites such as Charleston,

Savannah, and Jacksonville.

The popula-

tion density is also low; hence, there has
been little man~induced change in the
gound itself. Since the Atlantic Intra-
coastal Waterway (AIWW) was constructed
across Doboy Sound from 0ld Teakettle
Creek to the North River in 1942, there
has been a history of maintenance
dredging, beginning in 1943 (Table 538).

Approximately 608,047 m3 (795,295 yd

3

of material were removed from 1943 to
1977, most of which was silts and clays
with some sand (Tinkler 1976). The

dredge spoil has been dumped at dumping
area 28, an open water site on the north-
ern side of Commodore Island. Tract 28-A,
a 63.0 ha (155.6 acre) site at the
southwestern end of Little Sapelo Island,
was designated but never used for the
dredge spoil. (For additional dredging
data for the Atlantic Intracoastal
Waterway, see Chapter Six and Appendix C.)

Natural migration of shoals at the
mouth of Doboy Sound occurs frequently,
due to a combination of wave and current
action. Oertel (1971) reports that

Table 5-8.

geometry of these shoals is affected

more by the refraction patterns of waves
than by tidal currents, although tidal
currents are important in intrashoal
sediment transport. Maximum sand trans-
port appears to occur on topographic

highs in association with breaking waves
(Oertel 1971). Longshore drift within

the breaker zone and tidal currents beyond
the breakers are influential in the south-
ward dispersion of sediment along Sapelo
Beach, although topographic shielding by
shoals restricts intense longshore
currents from the beach during much of the
tidal cycle (Oertel 1971).

VI. COASTAL INLETS
A. DEFINITION

Coastal inlets are the conduits
connecting the open oceans with estuaries
and lagoons. Through them passes water
carrying the sediment, pollutants, marine-
estuarine biota, and navigation exchanged
between oceans and estuaries. The Sea
Island Coastal Region inlets are all meso-
tidal with a 2 - 4 m (6.6 - 13.1 ft) tidal
range. Large ebb-tidal deltas or shoals,
extending well into the open Atlantic
Ocean, flank the various main channels.
The estuaries served by these inlets all
contain extensive intertidal marshes,

B. DYNAMICS
1. Introduction

A tidal inlet is in a state of
dynamic equilibrium responding to long-
shore transport, variations in the tidal
prism, shoaling of its ocean and estuary
termini, and man-made modifications.
Changes in channel geometry, cross-

Volumes of maintenance dredge spoil in Doboy Sound at
Dump Site 28 (Tinkler 1976).

Year

Amount in m3

Amount in yd3

1943
1946
1949
1963
1967
1970
1974
1977

TOTAL

121,356
82,943
265,074
16,463
13,244
37,371
63,088

_10,808

608,047

158,718
108,485
346,704
21,533
17,323
48,880
82,516
14,136

795,295




sectional area, longitudinal profile, and
geographic position are the usual
responses of a tidal inlet to the complex
interactions of the dynamic factors
affecting it. An empirical relatiomship
has been developed by O'Brien (1967),
relating an inlet's cross-sectional area
to tidal prism (Fig. 5-10).

2. Littoral Drift

Littoral drift or longshore sand
transport by waves is at present poorly
known for the Sea Island Coastal Region,
A computer simulation model has been
made for South Carolina by Stapor and
Murali (1978). They used the significant
wave heights measured by the U.S. Army
Corps of Engineers at Holden Beach,
North Carolina, and the Savannah Light
Tower (Thompson 1977) and the approach
direction frequencies presented by the
U.S. Naval Oceanographic Office (1963).
Their results indicate a complicated
pattern of cells or compartments rather
than one well integrated "river-of-sand"
flowing from northeast to southwest.
Individual cells or compartments have
sand moving northeast as well as south-
west and experience little transfer of
sand from cell to cell. Magnitudes of
net littoral transport predicted under
this computer simulation model range
between 5,000 m3/yr (6,540 yd3/yr) and
40,000 m3/yr (52,300 yd3/yr), with most
values less than 10,000 m3/yr (13,080
yd3/yr).

The above-mentioned values are
significantly lower than littoral drift
estimates made by University of South
Carolina researchers using site specific,
short-term wave climate data (Table 5-9).
These workers employ the same formula
as do Stapor and Murali (1978) to calcu-
late the volume of sediment moved for
given wave heights and approach
directions. This difference emphasizes
the importance of wave climate data to
quantitative littoral drift determina-
tions.

A sand tracer study conducted on the Bull

Island east~facing beach yielded littoral
drift estimates of 93 000 m3/yr (121,630
yd3/yr) and 185,000 m3/yr (241,960 yd3/
yr) for the months of April 1977 and June
1977, repectively (Knoth and Nummedal
1977). Wave climate differences between
these 2 months are most likely the
explanation for the range of values. Once
again, the importance of wave climate to
littoral drift determination is apparent.

a. Wave Heights. Relatively small
waves affect the Sea Island Coastal
Region. Wave monitoring stations operated
by the Coastal Engineering Research Center
(CERC) of the U.S. Army Corps of Engineers
are located at Holden Beach, North
Carolina [16 miles (26 I-) north of the
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North Carolina/South Carolina border J,
and at the Savannah Coast Guard Light
Tower, 9 nautical miles (16.7 km) offshore
of Tybee Island in 52 ft (15.8 m) of
water. The next closest monitoring
stations are at Wrightsville Beach, North
Carolina, and Daytona Beach, Florida.
Significant wave heights (the average
height of the one-third highest waves) and
significant periods for waves measured

at these stations are presented in

Table 5-10. The value obtained from the
Holden Beach gage more likely reflects
overall Sea Island Coastal Region signif-
icant wave heights along the beaches

than does the value measured at the
Savannah Light Tower. The former was
measured very close to shore at a fishing
pier while the latter was measured off-
shore in 52 fr (15.8 m) of water.

b. Wave Approach Directions.
Waves approach the Sea Island Coastal
Region from only four major directions:
northeast, east, southeast, and south.
Stapor and Murali (1978) concluded from
a computer simulation of wave refractiom
for South Carolina that waves approaching
from the northeast are not refracted
sufficiently to hit South Carolina.
However, given the north-south shorelioe
orientation of coastal Georgia, northeast
waves will hit and influence littoral
drift. Waves approaching from the south
probably do affect the South Carolina
coast but not the Georgia coast. Waves
approaching the Sea Island Coastal Region
from the east and southeast affect the
entire coast and influence littoral drift.
Waves approaching from the northeast
probably affect only coastal Georgia and
those from the south probably affect
only coastal South Carolina. Frequencies
of occurrence of these wave approach
directions are known only from offshore
observations collected by ships and
sumnarized for relatively large areas.
No long-term directional data are avail-
able from shore-based observations.
Figure 5-11 presents the available long-
term wave climate data, broken down into
sea and swell components, for the Sea
Island Coastal Region.

c. Summary. The exact nature of
the wave-induced littoral drift affecting
the tidal inlets is poorly and contra-—
dictorily known at best. Given the
relatively low wave energy incident upon
the Sea Island Coastal Region, the
estimates of Stapor and Murali (1978),
using long-term wave climate data, may
be closer to the true order of magnitude
than those of Finley (1976), Nummedal and
Humphries (1978), Knoth and Nummedal
(1977), or Kana (1976).

C. MORPHOLOGIC CLASSIFICATION

Morphologically, the Sea Island
Coastal Region inlets can be classified
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relates the spring tidal prism (volume of water exchanged on each

tide) with the cross-sectional area of the inlet's throat or

narrowest region.
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SWELL DIAGRAM

Figure 5-11.

% N0 SWELL
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Sea and swell data for the Sea Island Coastal Region, from
U.S. Naval Oceanographic Qffice (1963). These data were
obtained from observations collected offshore. Sea refers
to "waves caused by winds at the place and time of observa-
tion" (American Geological Institute 1962) and swell refers
to '"wavaes that have passed beyond the region of the winds
which formed them . . .' (Strahler 1971),



into three groups: 1) those inlets
whose main ebb channel is aligned
perpendicular to the coast (class D of
Oertel 1977), 2) those inlets in which
this channel is aligned subparallel to
the coast (class B of Oertel 1977), and
3) those inlets in which there is no

one main ebb-channel (class A of Oertel
1977). A class D inlet has an ebb-tidal
delta symmetrically arranged about the
main ebb-channel (Fig. 5-12), while that
of a Class B inlet is crescent-shaped,
attached to one barrier island,. running
in front of the other island. Light-
house Inlet, Jeremy Inlet, St. Catherines
Sound, and McQueen Inlet are examples

of Class D inlets (Atlas plates 3, 6,

8, and 9). Winyah Bay Entrance (prior
to jetty comstruction), Capers Inlet,
Tybee Creek Inlet, and Hampton River Inlet
are examples of Class B inlets (Atlas
plates 1, 5, 8, and 9).

Class A inlets have no single, well-

developed, ebb-channel crossing the ebb-
tidal delta. This type is typically
found where small tidal creeks emerge
directly into the open Atlantic; however,
the deltas of larger tidal creeks may also
exhibit this form. The Folly and
Christmas Creek are examples of Class A
inlets (Atlas plates 6 and 10)., Table
5-11 classifies all Sea Island Coastal
Region inlets as belonging in Class A,
B, or D and, in addition, presents data
from Nummedal et al. (1977) on estuary-
lagoon size, maximum main channel depth,
and flood-tidal delta area.

D. EBB-TIDAL DELTAS

1. Origin

All inlets of the Sea Island Coastal
Region are characterized by extensive
ebb-tidal deltas or shoals projecting
out into the open Atlantic Ocean and the
near absence of flood-tidal deltas
protruding into the estuaries. This
gituation has been directly related to,
among other factors, the time-velocity
asymmetry of tidal currents. The flood
tide operates over a longer portion of
the tidal cycle than does the ebb tide
and in order to balance the respective
tidal prisms (the volume of water
exchanged on each tide), the ebb veloci-
ties are significantly greater than flood
velocities (Postma 1967, Nummedal et al.
1977). This asymmetry is thought to be
primarily caused by the geometry of the
estuary (Nummedal et al. 1977). 1In an
estuary with extensive intertidal marshes
and mudflats, the inlet is much less
efficient in transporting water to flood
the vast expanses of broad, intertidal
flats. As a result, estuarine high water
lags behind oceanic high water. No such
lag exists at low water because only
the narrow creeks are involved in moving
water throughout the estuary. Thus, the
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inlet channel becomes ebb-dominant,
favoring the creation of ebb-tidal deltas
over flood-~tidal deltas.

2. Symmetry

The overall symmetry of the ebb-
tidal delta is largely a function of the
relative magnitudes of 1) longshore or
littoral transport (wave-induced sand
transport parallel to shore), and 2)
the strength of the ebb-tidal jet. The
dominance of longshore transport produces
crescent-shaped deltas attached to the
updrift shore and curving in the down-
drift direction across the inlet.
Dominance of the ebb-tidal jet produces
a delta symmetric about the main ebb
channel which is oriented perpendicular
to the coast.

3. Geomorphic Nomenclature

Nomenclature describing ebb-tidal
delta morphology has been developed by
Hayes (1969) and Oertel (1972) and is
presented in Figure 5-12. The main ebb
channel is flanked by the ebb-tidal
delta or ramp margin shoals upon which
are found swash platforms, channel margin
linear bars, and swash bars. The delta
has a terminal lobe or distal shoals at
its oceanward end. Marginal flood
channels typically occur between the delta
proper and the adjacent beaches. Oertel
(1972) noted from observations made in the
Sea Island Coastal Region that ramp margin
shoals may be either attached to the
barrier island or segmented from it by
marginal flood, spillover, and funnel
channels. Ebb-directed tidal currents
predominate in the main ebb channel and
flood-directed ones predominate in the
marginal flood channels. Wave activity is
at least as important as tidal current
activity in constructing the swash plat-
forms and predominates in the formation
of swash bars (Oertel 1972, Fitzgerald
1977). Interaction between waning, ebb-
directed tidal currents, and ocean waves
determines the geometry and geographic
location of the terminal lobe.

4. Sediments

The nature and distribution of
sediments comprising a Sea Island
Coastal Region ebb~tidal delta complex
have been described by Howard and Reineck
(1972), Oertel (1975b), and Frey and Pinet
(1978). A generalized picture of bottom
sediment types in presented in Figure
5-13., Typically, sand is the dominant
sediment comprising the ebb-tidal delta or
ramp margin shoal and the terminal lobe.
Sand mixed with mud or clay characterizes
the sloping sides of the main ebb channel
with the mud content increasing toward
the bottom of the channel. A lag gravel
of very coarse sand and shell overlying
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Figure 5-12. 7Tidal delta morphology ncmenclature according to Hayes {1969) and
Oertel (1972).
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Figure 5-13. 'Textural and structural characteristics of the sea bed adjacent
' to Georgia estuary entrances (Oertel 1975b): 1. clean sand,
2. clean sand with mud lenses, 3. interbedded sand and mud,
4. mud pebbles in clean sand, 5. interbedded mud and poorly
sorted sand, 6. coarse sediment "lag gravel" over Tertiary
bedrock outcrop.
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exposed Tertiary bedrock frequently
occurs at the deepest part of the main
ebb channel.

5. Dynamics

The sands comprising these ebb deltas
are not redistributed up and down the
coast. These deltas or shoals remain
essentially in their original location,
changing in geometry under the influence
of waves and tidal currents, and dominate
their immediate region (Oertel and Howard
1972, Hayes 1977, Olsen 1977, Stapor 1977,
and Finley 1978). They cause wave refrac-
tion and establish local, inlet-directed
littoral drift reversals, insuring inlet-
directed sand transport from waves as well
as tidal currents.

a. Erosion and Deposition Rates.

Stapor (1977) has measured volumes of

sand eroded and deposited over the past
100 years at the Stono Inlet, and Olsen
(1977) has done the same for the St. Marys
Entrance (Figs. 5-14, 5~15, and 5-16).
Both studies indicate extensive reworking

1921-1964
Erosion  Deposition
o 6' o6
a (2 e 2
a |q' alg
03 ¢ 3
&0
5041\ 880138,
(All volumes x I0% meters3)

E MARSH

of the respective ebb-tidal deltas by

1) shifts in the main ebb channel, and

2) wave action moving sand across the
delta. A major conclusion drawn by
Oertel and Howard (1972), Stapor (1977),
and Olsen (1977) is that the larger ebb
deltas are essentially complete littoral
traps, intercepting sand moving up and
down the coast and holding it in the
delta. Modifications to the main ebb
channel, such as jetties, greatly enhance
the trapping effectiveness of these larger
deltas (Olsen 1977).

b. Evolutionary Changes. The ebb-
tidal deltas of these coastal inlets are
in a state of dynamic equilibrium,
changing their geometries in response to
fluctuations in littoral sand supply
{direction and amount), wave climate,
tidal prism, and freshwater discharge, to
name just a few of the major parameters.
Oertel's (1977) classification for Sea
Island Coastal Region inlets uses the
relative importance of onshore, offshore,
and longshore currents (Fig. 5-17).
Furthermore, he recognizes that Class A

KILOMETERS
!

N 0 2
; ! — —

U
NAUTICAL MILES

Figure 5-14. Net volumes of sediment deposited and eroded at the Stono Inlet between 1862 and 1921
(Stapor 1977). Net erosion and deposition are balanced, suggesting that significant
quantities of littoral drift are either 1) not moving into the inlet~delta system or

2) completely bypassing it,
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inlets can change into Class B and vice erosion and deposition. The Charleston

versa. This genetic interrelationship Harbor jetties have probably caused

is presented in the geomorphic cycles of significant deposition to take place on

ebb deltas in Figure 5-17. Class A Morris Island (Stapor 1977), and those

deltas progress from youth to maturity at St. Marys Entrance have caused both

to old age and then to Class B deltas. erosion and deposition to take place

Class D deltas move through youth- on Cumberland and Amelia islands (Olsen

maturity-old age stages as they change 1977). The Winyah Bay Entrance jetties

from being attached to separated from have resulted in deposition on both North

the ramp margin shoals (Figs. 5-12 and and South islands. Natural channels have

5-17). been deepened and are, with variable
success, maintained at Murrells Inlet,

E. MAN'S MODIFICATION Five Fathom Creek (Bulls Bay), the Stono
Inlet, Port Royal Sound, Tybee Roads

The migrating habit of these inlets (Savannah River Entrance Channel), St.

and ever-increasing vessel size have Simons Sound (Brunswick Harbor Entrance

necessitated that modifications be under- Channel), and St. Marys River Entrance

taken at inlets serving major ports and (Cumberland Sound).

even fishing villages. Winyah Bay
Entrance, Charleston Harbor Entrance, and
St. Marys River Entrance have been
modified with stone jetties, all begun

in the late nineteenth century and
completed in the early twentieth century,
with deepened channels extending out

onto the nearshore continental shelf.
These structures have affected the
adjacent isla